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Aveling & Porter, Ltd., 


Rocuxstsr, Kerr. 
and 72, Cawnon Srazer, Loxpos. 

STEAM ROLLBRS. ROAD LOCOMOTIYV Bs. 
STEAM CULTIVATING MACHINERY. 
STBAM WAGONS. TRACTORS. 

CEMENT-MAKING MACHINERY. 1667 


arrow & Co., Litd., 
SHIPBUILDERS AND ENGIN BERS, 
GLASGOW. 


SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STBAMERS OF 
CEPTIONAL SHALLOW DRavenrT. 


Repairs on Pacific Coast 


by XYARROWS, oe Victoria, maa 
SurpsurLpers, Sap REPAIRERS AND ENGINEERS. 


john ellamy, Limite, 
MILLWALL, LONDON, B. 
GENERAL CONSTRUCTIONAL ENGINEERS, 
Boilers, Tanks, & Mooring Buoys 


Sruius, Perrot, Tanks, Are Receivers, STEEL 


121€ 


6 Cuimneys, RIverep STEAM AND VENTILATING PIPES, 


Hoppers, Spxciat Work, Repairs or Aut Kuvps. 


Limited, 
CALORIFIERS BV APORATORS, prow 
CONDENSERS, AIR HBA’ 
STEAM axp GAS 
Merril’: Patent are STRAIN 
Pom ui 
SYPHONTA STEAM 


ee va 
igs Sopot al TRAM FITT 
SOFTENING and FILTERING. NG. tas 





A. G& Mamera, L- 


CULVER STREET WORKS, COLCHESTER. 
Ox ADMIRALTY aNp War OFFICE Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FBED PUMPS. 

See Advertisement, page 33. 


PATENT bebe TUBE BOILERS, 
UTOMATIC FEED REGULATORS, 


And teases Machinery as supplied to the 
Admiralty. 2179 


Henry Butcher & Co., 


VALUERS any AUCTIONEERS 
to the 
BNGINEERING, FOUNDRY, & METAL TRADES. 
ALSO FOR 
PLANT anp MACHINERY. 
63 and 64, CHANCERY LANE, W.C. 2. 


ranes.—Electric, Steam, 
HYDRAULIC and hm aging 
of all t and s 
eerees "RUSEH ELL & OD. 
otherwell, near Glasgow." 
STBEL to PIPES, GASHOLDERS, &c. 


thos. Piggott & Co., Limited, 


BIRMINGHAM. 1410 
See Advertisement last week, page 138. 
and 


P lenty 
LIMITED. 


MARINE ENGINEERS, &c. 
Newsury, Bve.anp. 


ank Locomotives. 
Specification and Workmanship equal to 


Main Line Locomotives. 
R. & W. HAWTHORN, LESLIE & & 5 
___ Bnenverns, ‘NEWCASTLE-ON-TYNE.. __ 7260 


Be. all earings 
British © Sizes. 
BLA TOUK B. BEARING CO., 
London Office :—304, ih Holborn, W.C. 1. 
For Illustrated Advert., see page 6, April}. 7356 


(G8 and Oil Engine Repairs. 

—E, ee en & CO., Great Bastern Road, 
Stratford, B. 

wel, 136 ey - aa ta 
Gram.: Rapidising, Londo 1794 
“ Qpeneer- FJ opwood” Patent 
Sole Makers ; Boilers. 
W. H-SPBNCER & OO., Hirromix, Herts. 
See page 15. 





6391 





Lrp., 
7 








on, 











7454 
[=vincible (2x80 (J lasses. 


BUTTERWORTH. BROS., Ltd., 
Newton Heath Glass Works, 








Od 9753 


(Sampbells & fate, L 


Gear Cutting. 


Worm Wheels cut up to 13 ft, diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 4547 


°¥  achts, Launches, or Barges, 


Built complete with Steam, on so Kiya 
Motors ; or Machinery supplied. Dd 3551 


VOSPER & CO., Lrp., Broan STREET, wissinees rH. 
FOR 3 
rop F orgings 
write 
GARTSHERRIE ENGINEERING & FORGE OO., 
50, Wellington Street, G'asgow. 6961 
O# 


Fe el A Ppliances. 


PRESSURE, 
SYSTEMS { are 
STEAM. 











FOR BOLLERS OF ALL TYPES. 
Kermodes Limited, 
35, Tue TEMPLE, ae = ae, LivgRPoo ; 


108, Puncence _ Lonpor. 
NAVAL OUTPITS A SPECIALTY. 


4018 


f['ubes and Fittings. 


G tewarts and Loves, L*- 


Glasgow and Birmingham. 


See Advertisement page 123. 7268 


CO: Pilents (Saeton) 


for Chemical Wka., Mineral Water Mfrs., Breweries, 
and all pag 1) — AxRATORS igo 109, 
Victoria St., 8.W.1  Pranspark, London. 








B. FA. Fire Pextinguishers : 


are foremost as fire a No Acids. No Alkalis, 
Safe to use and always ready.— BRITISH FIRE ang 
ANCES Oo., Ltd., 109, Y Victoria 8t., London, 8.W. 1 


ON ADMIRALTY LIST. 


john Kirkaldy, Ltd., 


London Office: 101, LkapenHatt 8r., B,C. 3. 
Works: Buarr Mux, ay HakLow, ‘Basex. 


ers 
rating and Distilling Plants. 
Ref ting and Ice Making Machinery. 
Feed eaters, 
Feed Water Filters. 





Eva 





ocomotives Tank Engines 
WARD. and construc’ 

MANNING, W. LE AND COMPANY, LIMITED, 

Engine Works, Leeds. Od 2487 

See their tilue. J Advertisement, page 147, last week. 


MULTITUBULAR AND 
(Sochran CROSS-TUBR TYPES. 
See page 17. 


Boilers. we 


RAILWAY AND TRAMWAY ROLLING STOCK. 


He. Nelson & (Co. L*4- 


Tue Giascow Roiiine Srock anp PLant Works, 
MorHERWELL. Od 3383 


He We, O# (°. 


London, 8.W. 1. 











? APtol [_pbricants. 


Fresh Water Distillers. 
Main Feed Pum 
Combined Circulating and Air Pumps. 
Auxiliary Surface Condensers. 
S ae, he 7126 
ement. —Maxted & Knott, 
Consulting Cement Engineers, ADVISB 
GUNHEALLY on on pro Cement Schemes FOR 
BNGLAND AND ROAD. ADVICE ONLY. 
Highest references. Hetablished 1890. 
Address, BURNETT Avenun, HULL. 
Cablegrams : ‘‘ Energy, Hull.” 


CHANTIERS & ATHLIBRS 
A ugustin - \Jormand 


67, rue de Perrey—LE HAVRE 
(France), 





6290 





3890 

Destroyers, Tor Boats, Yachte and “Fast Boats, 
Submarine and Submersible Boats 

nOmRASS saw Wipe -tube Botlers, Uoal or Of 


ese! Oil Engines 
R u b id er MANUFACTURERS 
Valves. and Packings 
GUTTA PERCHA & Y. ae wegen 
Toronto 


“ rrow Patent 
W ater-tube oilers. 


6877 
Messrs, YARROW & OO., UNDERTAKE the 
PRESSING and MACHINING of | of the vartous 
of Yarrow Boilers, such as the Steam Pena tere ater 
Pockets, ye ot pote ted for British and Foreign 


Firms not the ni facilities. 
YARROW & CO., Lp,, Boor Scorsrour, GLASGOW, 





3 Mitthew paul.& (o., Ftd. 


LEVENFORD Works, Dumbarton. «ss 
Gee Full Page Adve, page 83, June 27. 
Frorsings. 
W alter GQomers & Co., Ltd 
HALESOWEN. 





~ SOLE AGENCY ron FRANOR WANTED nx 


Robert Al iphandery, Georges 
DAVY & Constructional 

Parts—4, Av #4 ds 00g,—PanRis, for Rpg 
Equipment, Supplies, Tools, and Special! y 


Taylor & (thallen 


Presses. 


TAYLOR&CHALLBN, Lp., Bngineers, BinMineuaM 
See Full Page Advertisement, June 27. 


Railway 


Gwitches and 


(Sr ossings. 





8196 





T. SUMMERSON & SONS, LIMITRD, 


DARiiveton, 
‘ ‘ENGINEER, 1365 


~ Harve 

ADVISOR 
AMERICAN PULVERIZED OOAL SYSTEMS. 
Furnace Praction Poe srermere | and 00. Recaten aa 


COMBUSTION ry FURL RCONOMY. 


Offices : 25, Victoria Street, &w.1. 
Tele. Address; “ FuELzoon, Phone, R 


Mom’ and Engineering 


WORK of all descr undertaken for 
a Saepnteee,. Se. 2. ais repairs and 


& RUSSE ns giueen' 
NEW PA 
Agu A ~“ieonen & Mvasnsay 


are prepared to 
at present made abroad, and will be to _ 
from firms desiring such work pot oe 








Manchester. 
yectric 


8. H, a . 5 90., LTD., 


([tansporters. 


7182 


HB iectric Cremer. 


7182 
8. H. HEYWOOD & 00., LTD., 


ocomotive 
(BLECTRIOC). 


8. H. a_i LTD., 


[['raversers : 





Fuller, iin 50 & Cassell, 


oh“ pea 
SALE AND VALUATION 
o! 
PLANT AND MACHINERY 


- ai 
ENGINEERING WORKS. 
BILLITER SQUARE, B.C. 3. 
Iron and Steel 


lubes and Fittings. 
6920 


The Beatiish “Taube Co., Ltd., 


il, 








Worxs: SALFORD, Mancuxsrxnr. 
Ky lectric Lit 
ao Railway 
eering Company, 


(UP TO bacon TONS.) 
8. H. HEYWOOD } . om LTD., 
REDD 
T The 
Engine GLASGOW. 
London Office—12, Maser} = 8. Ww. 
MANUFACTUR’ 
RAILWAY CARRIAGE; WAGON. & TRAMWAY 
WHEELS & AXLES. 


CARRIAGE & WAGON IRONWORKS, also 
CAST. KL AXLE BOXES. 7312 





N ew Chicago Automatics, 
Three Sizes, Delivery from Stock. 
NEW CAPSTANS, 1) in. through the wire feed. 


JOHN MACNAB, Mary Srreer, Hype. 


Tel. No. : 78 Hyde. 6874 





REDDISH 
R Y. Pickering & Co., Ltd., 
. (BsTaBLIsHED 1864.) 

BUILDERS of RAILWAYCARRIAGES &WAGONS. 
MAKERS of WHEELS and AXLES of all hinds. 
RAILWAY WAGONS FOR HIRE. 

Chief Ves and Offices : 
ISHAW, near GLASGOW. 
London Paes rap 
3, Vicronta Strexr, WestTmuxeter, S.W. 


P. & W. MacLellan, Limited, 


CLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c 
Chief Offices: 129, Trongate, Guaseow. Od 8547 
Registered Offices : 1084, Cannon St., London, B.C, 








[pretense Piet 


OF ALL DESCRIPTIONS. 
FLOATING rae OOAL BUNERRING 


Werf Dante. HOLLAND, 


Agents: MARINE WORKS, lee. Prrars 
39-41, New Bnoap Sr., LONDON, #.0. ge 
> See half-page Advert. la last week and next week 


(Nentrifugals. 
Pot, ((assels & WW illiamson, 


MOTHBRWELL, SOOTLAND- 


1008 
See half-page Advertisement page 107, June 13, 





_ 























or) Act, 1901. ‘or Damages 
EB * 
Sei patente dara nstocnon, AT 





PReviminarny NOrIce. 


[stitute of Industrial 


ADMINISTRATION. — Messrs. BRINDLEY 
anp BLBOURNE have pleasure in announcing that 
they are initiating the above as an urgency measure 
to meet the immediate needs of reconstraction 
within the factery. 

to provide a centre for 


manufacturing firms desirous of affording to their 
: , Foremen, ng oe eres Clerica’ po an 
unity to enlarge t r knowledge of indus- 
tH administration, povaring in that term :— 
Technical Organisation, 
Labour Administration, 


ing. 

The mate programme is to establish correspon- 
dence and consultations on a confidential basis, 
—— to each individual's experience and require- 
ments. 

Practical Lecture Courses and Trade Conferences 
will be arranged in London and Provincial centres 
te meet the needs of members. 

An Ad Council is contemplated for research 


BDWARD T. BLBOURNE, author of 
oe and Accounts,” will act 


as ‘Organtalng Secretary 
r particulars on on VE mLDOUki t to— 


work. 


Mesers. BRINDL 


ultin, 
fro, tctorin sae 
Westminster, 8. oc 
842 





¥ , THE Ss 
U 2iversity of Liverpool. 


SESSION 1918-19. 
AUTUMN TBRM BEGINS ?rx OCTOBER. 
FACULTY OF ENGINEERING. 


Dean— 
Associate Professor J. WEMYSS ANDERSON, 
M.Eng., M.inst.0.B, 
Proressors anpD LECTURERS. 
BNGINEERING, 
a ag H. Pernaen, 
a + Inst. C, %. M.1. 


LestarersW, feasen. .e.. Assoc. M.Inst. 


. ScHO 
BLECTRIGAL HNGINMRKING. 
gt Jardine Professor, BE 


— . W. Marcmanr, 
Lecturer in Municipal Electrical En. 
Assoc 





a Ee 


“(Tote 4 4, 1919. 














URBAN DISTRICT OF FELIXSTOWE 
AND 


- 


[renders are Invited for . the|® 


viewed, jntment, at Felixstowe :— 
Two OM tise Horizontal Stock GAS 
ENG y 12 in. dia., 18in, stroke, 
sensiti w olenenie and 6 be iguision, = 
ve ernor, é a’ 2 
speed nen 


T¥s on shunt-wound GENERATORS, 


20 Kw. each, speed about 900 r.p.m., 200-220 
volts with 2 aide rails. 
Tenders should be the CLERK to 





the staff of the eucng . very 
will be given on the ng station site. 
The neil de not bind themselves to accept the 
highest or any Tender. 691 
a. R. 


BY DIRECTION OF THE DISPOSAL BOARD, 
MINISTRY OF OF MUNITIONS, 5 


TO ENGINEERS, BUILDERS, BUILDERS’ MER- 
CHANTS, METAL BUYERS & IRONMONGERS. 


FOR SALE BY THNDER. —SOLDER, lying at 
20, Karle Street, i, Maidstone, Kent, 


enders-are Invited for 4 Tons 


34 cwts. of SOLDER, in 2 cwt. lots or more. 
Pi particulars, Tender Forms and permits to 
ew ma 


be obtained from the ISPOSAL 
OFFICHE, Area Dis lery 


Kastern 
Mansions, Victoria Street, 8. 
Te elegraph—* Hutments, Vie., ‘Lona don.” 
_ Telephone—Victoria 1281. Bxtension . 





wan 


a. R. 


BY DIRECTION OF THE DISPOSAL BOARD, 
MINISTRY OF OF MUNITIONS. 


Fo Sale, by P Public Tender, 


HYDRAULIC PLANT, 
at CLEVELAND STEEL WORKS, 
Sourn Bank, YoRKSHIRE, 
Three Hydraulic Presses up to 300 tons. 
Four Hydraulic Accumulators. 
Four Three-Throw Pumps for peas. 
Air Vessels, shock absorbers, h and low 
ooemngy so Pine: Valves, high ift Turbine 


Four ibs HE HP., 2400 volt., three- 60 cycles, 
690 r.p.m,, slip-ring Molen ped pw Ta ag 
Switchboard and h-tension equipment 


rf HP., 440 volte., spears 60 cycle 


One 


neering squirrel cage Motor and Starter. 
pe jate Professor A. BrRomLEY HOLMES, Tenders close on 28th July, 1919. 
M. M. Inst. O.8., M.1.B.B. x For detatied list, Tender Forms and Permit to 
CIVIL HN iN BERING. view, ~~ Bod - at By ey Plant and 
Professor 8. W. Pernorr, M.A.I., M.Inst.C,. | Machinery g Cross Embankment 
Lecturer in Railwa Bugineering A Buildings, wo. W 920 





Professor Sir J F. ASPINALL, M.Eng., 
ot ee ees 
urer in Mu neert 
og Ne A Bove Ae na Aiinet 0.3 Inst.C. : 
Lecturer in Dock and Harbour Bngineering— 
Associate Professor A. G. Lysrar, M. Bng., 
P. Inst. 0.8. 
Professor of Geology—P.G. H. Boswkxt, D.Sc. 
Lecturer in Dock and Harbour os ne ag 
T. R. Wruron, M.A., Assoc. M.Inst. 0.K. 
NAVAL AROHITROTURK. Alexander. Rider 
eon eM te T. B. EM an dogs . Bng., 
net. N 
MARINE iG tN innit, —Professors and Lec- 
val Architecture and ioprt ne: 
pasign. AND DRAWING AND REFRIGE 
_ .Wemyss ANDER- 





ite , M. Inst. O.B., M.I. Mech. B. 
MATHRMATI j.—Professor F. 8. Carey, M.A, 
PHYS!C8.—Lyon Jones Professor—L, R.WILBER- 


Lo M.A. 
GHEMISTRY.—Grant prea ©, OC. Baty, 
O©.B.B., M.8c., F.R.8., F.1.C. 
The Prospectus of the es may be obtained 
on application to the andersigned. 
BDWARD CARRY, Registrar. 


NATIONAL FOREMEN’S ASSOCIATION. 
BNGINRERING AND ALLIED TRADES. 
Registered under the Trade Union Act. 


[the Second Annual Delegate 


MERTING of above will be held 8 the 
Middlesex Rooms at the Great Gastom Hotel, 





Live | Street Station, on SATURDAY and 
SUNDAY, JULY lira and 1l3rs, commencing 
Saturday at 2.30 a communications should 


be addressed to H.W. REID, Generat cs 
81, High Holborn, Ww. 0.1. wi 


[>t O.E, L Mech. E., BSc. 


and all neering Hxaminatious.—Mr. G 
KNOWLSS, B Assoo. M. Inst. C.H., Pet, 
M.R.San.1., PREPARES CANDIDATES personally 
or by correspondence. Hundreds ef successes. 
x mmence at any time.—39, —_— 


Westminster, 8.W. 
I O. E. Ooipeaneniens 
«¢ CUACHING. 16 Lig continuous success. 














N * Bngin Drawi pecns. 
Quantities now ee -7 Offices af + tently 
orresp ondence ‘l'uition 


cours te lor B. el Re a Inst Mech.B., 
inations conducted 
he ng) 1a) University Graduate 





wines bes | 


| at ar Tuition for 








A.M.I te i BXAMINATIONS _ by 
No failures 1902 to lwl4. Now 
Fenuaning wor wie in in ~~~ wp terms.—. W 472, 
kK Le save pecial Classes. 
rined oe Bene eect temceree 
ee ee and Caloul —e 
Save Tutors, 254, Oxford Oxford Ra. panes: 





a. R. 


SALVAGE VESSEL “RINGDOVE” FOR SALE. 


THE ADMIRALTY have 


I thos Sale, a Vessel in course 
of Atting-out out as a Salvage Ship. 
Particulars as follows ;— 
Length between perpendtculare = ing 
—- Tegiste 
‘onnage Re a. Fy ai t. 
Present Mean Dra’ . OS ft. 3 in. 
Com posite Geawenics ‘Engines Vertical triple 


expansion, 
Indicated mae nee « . 1200 estimated 
Boilers ooo Two Cylindrical 


Vessel is lyi t Li 1, and th aeomtpbenn 
esse ing at Liver and the present state 
of work would allow pro being converted for 
other se: 

Tender Forms, with permission to inspect, ma 
be obtained from the DIRECTOR OF CONTRACT 
Branch 8, Room 79, West Block. Admiralty, S.W. 1. 

Tenders will be received up to 12 o'clock noon, 
on Friday, 8th August, 1919. W 888 





qa, R. 


BY wee OF THB dy BOARD, 
MINISTRY OF MUNITION 


NEW COOKING PLANT, GAS AND STRAM, 
FOR SALE BY TENDER. 


[renders are Invited for the 


Purchase of the following 
ELKCTRIC Ss APPLIANCRS, 
is :—Stock Pots, Fish Ranges, Tea Urns, 
upboards, Double Oven Ranges, Soup 
Boi tew Pans, Boi ot Water 
teaming Oven, and Combination Griller 





= vd Toaster. 
: GAS COOKING APPLIANCES, 
com ng :— Double Oven Soul Boilers, 
ater Boilers, Hot Closets, teamers, 
“ Rostrum Oven and ‘ Cito ” Griller. 


STEAM COOKIN G y APPLIANORS, 
com e ing Pans, 
Bie mt Oven, Ws Water Water Boller, Garv ving Tab Tale, and 
_ —, oe ms, and various Steam 
alves, 
spears ‘KiTOHL EN’ APPLIANCES, 


(a) 
@ room of 800 cubit —_ capacity to 40° fresh 


ee: frozen meat. 

Insa! for Cold Store, co 1180 

8q. ft. cork a. one insulated Door and 
one barrel of Mastie. 


Knife ae with Motor and 
= pot how Pn 


D.C., capacity 
oe Db + oe: Type, 
<= 


(b) 





: July th 

armen apy ee 
‘or 

Furniture spel tote > = 
Anne's Gate: Weste Westminster, 8. sng 1 


= Vs 





Refrigerating Plant, Hesiam No. 1, suitable for } Charge. 





PUBLIC NO NOTICE. 
Fe: Sale by Tender:— 
cision eatin pe TING PLANT of Sub- 
‘*'phes Horas Hornsby Water-tube Boilers, rated 10,000 


noon whe hour, oes for 160 Ibs. 
a Foy re, only work ed four years. 

Three Boiler Feel ea with fitti 

One 250 KW. Bellis Morcom 


— 


ec age direct ae a Generator, 
vol 
Three 200 KW. ditto. 
' ne 125 KW. ditto, 
The whole of Steam, Exhaust and Drain Pipes. 
5-ton Overhead Travelling Crane. 

The above plant is ready for immediate shipment, 
and can be seen fixed as left off work, and should be 
sold in one or more lots. 

Tenders to be in by Ten a.m., July 17th 

Further particulars and order to view, address, 
Ny ory E 9360, care of Dawson's, 121,-Cannon — 

1 





Ga. R. 


BY DIRECTION OF THE DISPOSAL BOARD, 
MINISTRY OF MUNITIONS. 


Nore,—For Detailed List | List of all Surplus Govern- 
ment Property for Sale, apply at the nearest 
Bookstall, or to the Director o: blicit: y, Ministry 
of of, Municlens, Whitehall Place, 8.W., for Surplus, 


Di Runners and Excavator 


RAG LINE FOR SALE BY PUBLIC 


TEDGE LUNNERS, by Ward & Sons, Hind and 
Lund, T. Farwell, Brightside Foundry Co., Bradley 
and Craven, Ltd. 

(lL) Rollers 32 in. by) aA in. face, 23 r.p.m., Pans 6ft. 


by 9 in. d 
(12) Rollers 48 in. by 12 tn, face, 58 r.p.m., Pans 7 ft. 
dia. by 10 in. dee 


y 
(6) war ~ 42 > - by 12 o. face, 12 r.p.m. Pans 7 ft. 


dia. by 6 ~ 

(8) Rollers 40 be by 12 n, face, 86 r.p.m., Pans 7 ft. 
dia. by 9 in. deep. 

——e lying at No. 1 National Filling Factory, 


BXOAVATOR DRAG LINE, by Bucyrus, U.S.A., 
> 716, 3to4 tons. Boiler, by Johnson Bros., with 
6 up to 200 ~ Engine compound, 9 in. stroke. 
Dah te sepeon, ‘or operating Turn Table. Jib 


ions 
the coove iat iding at Manston Aerodrome, Kent. 
Tenders must be submitted not later than 10 a.m., 
July 17th. Tender Forms and mits to view to be 
obtained from the CONTROLLER, Machinery and 
Plant (Demobilisation), Charing Cross Embankment 
Buildings, London, W.0. 2. W 977 


THE pap Jn INDIAN RAILWAY COMPANY, 
LIMITED, are prepared te receive 


(Trenders for the Supply of :— 


1 ———— AND AXLEs. 
264 pairs Disc or Spoke Wheels and Axles 
for broad gau 
1948 pairs 
for metre # 
2. gd D 
sections. 

Specifications and Forms of Tender may be 
obtained at the Company’s offices. 

Tenders, addressed to the Chairman and Directors 
of the South Indian Railway Company, Limited, 
marked “‘ Wheels and Axles,” or as the case ma: be, 
must be left with the undersigned not later than 
Noon on Tuesday, the 15th July, 1919. 

A charge, wh ch will not be returned, will be 
made of 20s. for each copy of Specifications Nos, 1 
and 2. Copies of the drawings may be obtained at 
the office of Robert White, Esq., M.Inst.C.B., Con- 
sulting Engineer to the Company, 3, Victoria Street, 
Westminster, 8.W. 

aS Order, 


. B. REYN OLDS, 
af” — Managing Director. 
Finsbury Pavemént House, 
London, E.C. 2, 
25th June, 1919. 





ge section. 
or Spoke Wheels and Axles 

e section. 
OLUTE, AND HELICAL 
and metre gauge 


W 919 





BRAINTREE, ESSEX. 


By Order of THE CRITTALL MANUFACTURING 
CO., Lrp., who are reorganising their works for 


Peace production. — Messrs. 
uller, Horsey, Sons and 
a in LOTS, 


CASSELL will SELL 
SURPLUS MACHINERY A ‘OOLS, B, incinding: 
A Marshall Compound Cornish 
Binnie Stoker, Feed-water Heater, and Pump. 
Two 60 KW., 110 volt Steam Blectric Generating 
Sets, with Marshall Horizontal Compound 









UNIVERSITY OF BIRMINGHAM. 
FACULTY OF SCIBNCE. 
DEPARTMENT OF MBTALLURGY. 
The Council invites 


| A Piri cat for a Lecture- 


HIP in ee 


£300 per an 
Applications — testimontals Rog ty. copy) should 
be addressed to the undersigned not the 
8rd of July, 1919. 
Further particulars me be bs eg from 
- MORLEY, 
Secret: 


ary. 

le Wi35 

THE SIR. JOHN CASS TECHNICAL bog “v's dla 
Jewry Srreer, Au LDOATE, Loxpor, B,C.3 





DEPARTMENT “OF METALLURGY. 
The Governors of the Institute invite 


AP Rion for the Post of 
URER in METALLURGY. 

Sook tation, or its equivalent, essential and 
preference will be given to candidates with works 
experience or who have done ressarch. 
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THE HEAT TREATMENT OF GREY CAST 
IRON AT LOW TEMPERATURES. 


By J. E. Hurst. 


THE question of the behaviour of commercial 
grey cast iron when subjected to prolonged exposure 
to heat in the low ranges of temperature below the 
lowest critical point is one of considerable industrial 
importance, and one upon which no adequate 
information has been published. Attention has 
already been drawn to the industrial aspects of the 
question in a symposium of papers before the 
American Society of Mechanical Engineers, Decem- 
ber, 1909, dealing particularly with the effect of 
superheated steam on cast-iron fittings.* In these 
papers it was shown that commercial grey cast-iron 
when subjected to prolonged exposure to super- 
heated steam in steam pipe lines at temperatures 
of 550 to 600 deg. F., experienced a considerable 
falling off in tensile strength and in addition a per- 
manent expansion. Whilst these facts are fully 
substantiated there has been no attempt to explain 
the cause of the expansion or the falling off in 
strength. The reduction in tensile strength of 
cast-iron when tested at increasingly high tempera- 
tures from normal up to 800 deg. C. has been 
illustrated by Cary and Meyer.t This latter worker 
shows that the strength of cast-iron is reduced 
from 23-53 tons per square inch at 18 deg. C. to 
12-09 tons per square inch at 620 deg. C. and to 
7-56 tons per square inch at 807 deg. C. 

Carpenter and Rugan in their classical work upon 
the growth of grey cast-irons noted an expansion 
at temperature of 650 deg. C. but considered that 
the phenomenon observed in superheated steam 
fittings was of a different nature to that of growth 
as investigated in their research. In a later pub- 
lication (Part 6 of the paper) Professor Rugan in 
an investigation of the failure of a cast-iron steam 
separator which had been subjected to temperatures 
ranging from 370 to 470 deg. F. for a considerable 
period, observed that the disintegration similar to 
that observed in his earlier joint work with Professor 
Carpenter was to be found particularly on the inner 
surface of the casting which had been exposed to the 
action of the steam. 

Other examples of the expansion phenomenon 
and the drop in tensile strength of grey cast-iron 
after having been subjected to the influence of heat 
at a comparatively low temperature are familiar 
in the form of automobile engine pistons and piston 

i There has, however, always been con- 
siderable doubt in these latter cases as to the actual 
temperature to which the articles have been ex- 





* J. N. Hollis, A. 8. Mann, E. F. Miller, American 
Foundry, January, 1910. 
t Stahi und Risen, Vol. XXVI. 





posed, and it is frequently assumed that the tem- 
peratures are usually very high. It is with these 
articles that the author is more intimately interested 
in the present article. 

From our knowledge of the behaviour of steels 
it would be quite legitimate to assume that the 
expansions and reduction in tensile strength of 
cast-iron after exposure to low temperatures for 
considerable periods for the most part would be 
due to the removal of internal stresses set up in the 
casting during cooling and probably the growth of 
some of those crystals which are in any way 
subjected to such internal stresses. It will always, 
of course, be borne in mind that the occluded gases 
may play an additional and very considerable part 
in the phenomenon. 

The question of the actual decomposition of the 
pearlite carbide at temperatures below the lowest 
critical point has never yet been definitely settled. 
In the generally accepted stable and meta-stable 
conception of the pure iron-carbon alloys it is con- 
sidered that the stable phases in this range of 
temperature are iron (ferrite) and graphite, though 
it does not of necessity follow that the pearlite will 
actually dissociate within this range. No de- 
composition of the pearlite by prolonged annealing 
of steels within this range has yet been definitely 
proved. 

Commercial cast-irons are complex alloys in which | 
the position of the pearlite point is considerably | 
modified by the presence of alloying elements. 
In the research on the iron-carbon-silicon alloys 
by Hague and Turner it was shown that the presence 
of silicon in pure-iron-carbon-silicon alloys resulted 
in a considerable raising of the pearlite point from 
700 deg. C. in the alloy containing 0-3 per cent. 
to 795 deg. C. in the alloy containing 4-83 per cent. 
A corresponding increase in the temperature of the 
pearlite formation was also found by Gonterman, 
although the magnitude of the increase is different 
to that above named, a fact which might possibly 
be explained by the different experimental methods 
pursued. This rise in the transformation tempera- 
ture has been alleged by Andrews to be in reality 
a rise in the Ar.2 point. 

The presence of a small quantity of manganese 
0-5 per cent. was shown by Hague and Turner 
to effect a considerable reduction in the temperature 
of the pearlite transformation from 774 deg. C. 
in the pure alloy to 687 deg. C. in the manganese 
alloy. This is very important, and illustrates the | 








possibility of a considerable variation in the position 
of the pearlite point in actual commercial cast-irons. 
There appears however to be no doubt that the 
pearlite carbide does decompose at temperatures 
below the pearlite transformation on prolonged | 
exposure to heat at these temperatures. Andrews | 
in his “Carnegie Memo 


” previously quoted, 











shows that the thermal disturbance corresponding 
to the pearlite point on the cooling curve of a pure 
iron-carbon cast-iron is of considerable intensity, 
whilst on the heating curve the magnitude of the 
thermal transformation is considerably reduced. 
This is interpreted as indicating the decomposition 
of the pearlite carbide, whilst the temperature is 
being gradually raised up to the temperature of the 
pearlite transformation. A similar phenomenon 
was observed by Charpy and Grenet in the cooling 
and heating curves of a low silicon white iron.* 
In this curve the intensity of the two critical 

in the cooling curve was reversed in the heating 
curve. It would also be gathered from Andrews’ 
work that the silicon present has considerable 
influence upon the dissociation of the pearlite carbide 
below 700 deg. C., for in the heating curve of a 
normal pig-iron containing 2-45 per cent. of silicon 
and 0-45 per cent. of carbon the pearlite point is 
entirely absent, 

Charpy and Grenet in the paper previously re- 
ferred to show that in two samples of white cast- 
iron containing 1-25 per cent. and 2-10 per cent. 
of silicon respectively (the samples were retained 
in the white state by quenching in cold water) 
free carbon was found after exposure to a tempera- 
ture of 650 deg. C. The sample containing 2-10 
per cent. of silicon was found to contain 2-83 per 
cent. of free carbon (original total carbon 3-30 
per cent.) after six hours’ exposure at this latter 
temperature. Since Charpy and Grenet’s samples 
only contained from 0-03 to 0-12 per cent. of 
manganese it is legitimate to conclude from Hague 
and Turner’s work on the influence of silicon in 
cast-iron that the pearlite point would be con- 
siderably above the normal and probably in the 
region of 745 deg. C. Therefore, and 
Grenet’s results would appear to show that in the 
presence of normally occurring quantities of silicon 
the carbide in cast-irons is capable of decomposition 
at temperatures considerably below the pearlite 
point. It is interesting to note that with 
traces of silicon Charpy and Grenet did not obtain 
any precipitation of the carbon even after prolonged 
exposure to temperatures of 1,100 deg. C. It was 
found necessary to heat to 1,150 deg. C. for preci- 
pitation to take place. It was not stated by Charpy 
and Grenet whether it was the pearlite carbide or 
the cementite carbide which decomposed at this 
low temperature of 650 deg. C. 

An interesting diagram has been recorded by 
Rolfe.t This diagram shows the effect of the 
annealing at various temperatures of grey cast-iron 
on the Brinell Scleroscope, tensile, and Stanton 





* Enorveenine, vol. ixxiii, page 626. 
+ Di-cussion on W. H. Hatfield's paper. read before 
the Royal Aeronautical Society, April 18, 1917. 
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repeated impact figures. The composition of the 
cast-iron is not stated, but it is presumed that 
it is a normal cast-iron used for the purpose of 
manufacturing aeroplane engine pistons, containing 
about 1-75 per cent. silicon. The manganese and 
phosphorus in this iron may be fairly high, but in 
any case it is safe to conclude that the position of 
the pearlite point will not be below 650 deg. C. 
An inspection of the curves shows that at a tem- 
perature of 550 deg. C. the Brinell hardness of the 
samples commences to show a marked decrease 
which is followed by a marked decrease in the 
scleroscope value and the tensile strength and 
simultaneously a marked increase in the resistance 
to repeated impact, which reaches a maximum at 
600 deg. C. The Brinell figure apparently reaches 
@ minimum at 700 deg. C. No chemical analyses 
are given, but the natural explanation of such a 
marked drop in the Brinell hardness from about 
260 to 125 in the region of temperature round 
about 600 deg. C. would be that it is due to the 
decomposition of the pearlite carbide with the 
period of annealing at this degree of temperature. 





silicon members of the series whatever the original 
combined carbon contents. 

It has been stated by Storey, from the results 
obtained from the investigation of the malleable 
cast-iron process, that it is impossible to bring 
about the decomposition of the pearlite carbide by 
prolonged annealing at temperatures below the 
lowest critical point. It will be remembered that 
malleable cast-irons are usually much lower in 
silicon than 1 per cent., and from the above results 
this statement would appear to be fully justified. 

A series of impact tests were made on the 
above-mentioned specimens, both before and after 
heat-treatment. These experiments were carried 
out on an Izod impact testing machine of 120 ft.—lb. 
capacity, using a notched specimen of square cross- 
section. The results are given in the annexed 
Table IV. 

It will be seen from these results that there is 
a general tendency towards an increased impact 
value after prolonged heat-treatment. The results 
on a tensile testpiece after subjection to the same 
prolonged heat-treatment are given below. The 




















Tasrz IV 
Impact Value Impact Value 
Specimen No. before after 
Heat-treatment. Heat-treatment. 
ft.-lb. ft.-Ib. 
0-0 6-00 0 
2-0 6-25 — 
3-12 5-75 7-5 
4-15 6-00 10-0 
5-10 4-75 5-0 
6-13 4-75 9-5 
7-16 4-75 5-5 
8-14 4-75 6-5 
Tensile Strength Teusile Strength 
Specimen. before after 
Heat-treatment. Heat-treatment. 
tons per sq. in. tons per sq. in. 
B 16-00 13-88 











The general increase in impact valueaccompanied 
by a drop in the tensile strength would appear to 
confirm the results of Rolfe previously mentioned. 
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It is of considerable interest and importance to | 
note the marked and decided increase in the Stanton | 
repeated impact figures. These latter figures were 
obtained on the Stanton machine using } in. fall 
of tup and making 80 to 90 impacts per minute. 

In the annexed tables the results are given of 
experiments upon the prolonged heat-treatment at 
temperatures of 575 to 600 deg. C. of a series of | 
commercial cast-iron bars. The bars used in the ex- | 
periments were } in. square, the surface skin having | 
been removed by planing down from the original | 
1 in. square section. The bars were heat-treated | 
in a Fletcher gas muffle which was allowed to | 
attain a constant temperature of 575 deg. C. over 
@ period of two days before the specimens were | 
introduced. In all cases after heat-treatment | 
the specimens were allowed to cool slowly in the 
muffle. 

The carbon determination has been accurately | 
carried out and the figures given in the annexed 
tables are the average of six determinations. From | 
these tables the assumption that prolonged heat- | 
treatment at temperatures in the neighbourhood 
of the lowest critical point brings about a partial 
decomposition of the pearlite carbide is confirmed. 
There are two additional features which it is of 
considerable importance to notice. The first 
of these is that decomposition of the carbide is 
greater in extent in the higher silicon irons, being | 
_ very nearly complete in those irons containing over | 
2 per cent. of silicon. In the lower silicon irons | 
the extent of the decomposition was much less, 
and it would be reasonable to infer that in irons of 
less than 1 per cent. of silicon the decomposition 
would be still less. It is also of additional im- 
portance to note that the decomposition in the 
higher silicon members of the series reaches the | 
same final value of combined carbon in the higher 


AUTOMOBILE ENGrnE Piston ; rrom GupGEoNn Pin Boss. 
EtcHED, AND Maanirrep 100 Diamerers. 


Tastz I.—Chemical Analysie (Before Heat-Treatment). 


























Test | CC. Gr. Tot o.| Si. Mn. 8. P. 

No. 

0-0 | 0-78 2-75 8-53 1-14} 0-31 0-041) 0-45 
2-0 | 0-88 2-71 3-61 1:16 | 0-30 0-040) 0-45 
3-12 | 0-65 2-83 3-48 1-44 0-49 0-17 | 0-84 
4-15 | 0-75 2-69 3-44 1-47 0-50 0-17 | 0-84 
5-10 | 0-62 2-74 3-36 1-58 1-02 0-13 | 1-04 
6-13 | 0-38 2-66 3-04 2-69 0-33 0-15 | 1-40 
7°16 | 0°39 2-69 3-08 2-69 0-32 0-16 | 1-45 
8-14 | 0-67 2-48 3-15 2-46 0-36 0-16 | 1-32 





Tastz Il.—Analysie After Heat-Treatment for a Period 

















of 150 hours. 

Test No. | cc, | Gr | Tot C. 
0-0 0-54 3-02 3-56 
2-0 0-90 2-47 3-37 
3-12 0-23 3-20 3-43 
4-15 0-70 2-78 3-48 
5-10 0-50 2-88 3-38 
6-13 0-10 3-06 3-16 
7:16 0-14 2-89 3-03 
8-14 0-13 2-92 3-05 

Taste IlI.—Brinell Tests: Before and After Heat- 
Treatment. 
After Heat- After Heat- 

Test No. Before Heat- treatment. treatment. 

treatment. 72 Hours. 150 Hours. 
0-0 212 202 . 207 
2-0 228 228 196 
3-12 228 170 223 
4-15 228 223 207 
5-10 255 187 217 
6-13 179 170 196 
7-16 207 187 217 
8-14 241 187 170 














results obtained show that there is a considerable 
drop in the tensile strength after heat-treatment. 














Fie. 2. AuTromopiLe EnGrve Piston; From CENTRE OF CROWN ; 
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TaBLE V. 
¢ . = Sisal? 
m| be | 6 | $2 | $5 | 88 
§ ES = § = 8 2 
2| ££ | $2 | Fa | Be 82 | Remarks. 
3| £3 | *S | &¢ | &3 | Ss 
S| *“@ | 2 | 36 | 32 | 3 
i * in 
in. in. in. in. 
Length ..|1-740 |1-750 (|1-748 |0-010 
End (1): 
Breadth |0-4500 |0-4520 |0-4520 [0-002 
C.l Thickness |0-4505 |0-4520 |0-4520 |0-0015) The expan- 
End (2): sion joes 
Breadth |0-4500 |0-4510 |0-4510 |0-0010) not appear 
Thickness |0-4505 |0-4515 |0-4515 |0-0010) to increase 
after 48 
Length ../2°1120 [2-120 |2-120 |0-008 hours’ 
End (1): treatment. 
Breadth [0-44825)0 -44975/0 -44975/0-0015 
C.3 Thickness |0-4495 |0-4515 |0-4515 |0-002 
End (2): 
Breadth |0-4485 |0-4525 |0-4525 |0-004 
Thickness |0-4490 |0-4510 |0-4510 |0-002 


























Heat-treatment (1) 48 hours at 550 deg. C. 
(2) Same specimens heated to same tempera- 
ture for an additional period of 41 hours. 


Another very important and interesting feature 
of these experiments is the measurement of the 
expansion of cast-iron after prolonged exposure 
at a temperature of 550—600 deg. C. The results 
of some measurements of this expansion are given 
in Table V. It will be seen on examination of these 
figures that the heat-treated specimens have under- 
gone a considerable expansion in all directiong. 
The approximate average percentage dimensional 
increase is about 0-35 per cent. From Table V. 


it will be seen that a further increase in the heat- 
treatment period of 41 hours produces no further =. 
expansion. ‘ 

This expansion is presumably brought about 
for the most part by the precipitation of free carbon. 
It is highly probable, however, that this is not the 
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sole cause contributing to the total expansion, and 
it is the author’s opinion that the occluded gases 
also play some part. 

The results of these experiments fully justify 
the conclusion that the combined carbon in com- 
mercial grey cast-irons is gradually decomposed 
on subjection to prolonged heat-treatment at tem- 
peratures in the neighbourhood of 550 to 600 deg. C. 
It is also legitimate to draw the conclusion that 
the extent of this decomposition in a given time is 
independent of the initial quantity of combined 
carbon present in the cast-iron. The liability and 
extent of the decomposition would appear to 
depend upon the amount of silicon present in the 
iron, and in the present state of our knowledge it 
would appear that in those irons with silicon con- 
tents not higher than 1 per cent. the decomposition 
will be extremely difficult to bring about. 

An additional and very important feature is the 
marked increase in the impact value after prolonged 
annealing at these temperatures. It is within the 
author’s knowledge that it is the practice in certain 
quarters to anneal gas engine pistons at tempera- 
tures of 450 deg. C., possibly with the object in view 
of relieving internal stresses due to casting. In the 
light of Rolfe’s experiments and those of the author 
this procedure would appear to be inadvisable, 
and if annealing is resorted to at all it would be 
better to carry it out at temperatures of from 
550 to 600 deg. C. It is important also to bear in 
mind that in view of the expansions noted above 
it is highly improbable that any advantage from 
the standpoint of release of internal stresses is 
gained. More, rather, one would expect the internal 
stresses to be increased by such a treatment. 

This question of the behaviour of cast-iron when 
subjected to temperatures below the lowest critical 
point is one of considerable commercial importance 
particularly from the point of view of automobile 
engine piston and cylinder construction. The 
actual temperature attained during running of 
cast-iron automobile engine piston heads is un- 
doubtediy in the neighbourhood of 500 deg. C., 
although in many cases the temperature attained 
is much higher than this. Working under ad- 
mittedly defective conditions the temperature 
attained may be as high as 600 to 650 deg. C. 
The microstructure of a motor car piston taken 
respectively from the gudgeon pin boss, a portion 
not directly exposed to the action of the heat, 
and from the centre of the piston head is illustrated 
in Figs. 1 and 2, page 2. The extensive decom- 
position of the combined pearlite carbide in the 
portion exposed to the action of the heat is amply 
illustrated. This actual piston failed through the 
formation of cracks in the crown. The composition 
of the piston was as follows :— 


’ PerCent. 
C. C. ie 0°50 
Gr. eo 2°78 
Total C. ius ibis pe ins 3-30 
Si. -s eee bes har due we" 2°10 
EAs. ove whe oie sia how oey 068 
8 0-08 
P 1°25 


Analysis taken from neighbourhood of Gudgeon Pin 


The silicon content of this material would lead 
one to anticipate the extensive decomposition of 
the carbide, and it is probably through the local 
deposition of free carbon in the crown, causing 
internal stresses that the cracking, the cause of 
failure of the piston, was brought about. It would 
appear desirable therefore that cast-iron for auto- 
mobile pistons should contain a much lower silicon 
content 1 per cent. or below. With extreme care 
and careful selection of irons a perfectly machinable 
cast-iron can be produced with this low silicon 
content. The other alternative would be to produce 
a cast-iron containing practically no combined 
carbon. This would necessitate a high silicon con- 
tent, and doubtless considerable trouble would 
be experienced owing to the coarseness of the 
graphite in such irons when produced as sand cast- 
ings. Such irons would be relatively weak and 
porous. It is possible, however, to produce high 
silicon castings having a very low combined carbon 
without possessing coarse graphite structures by 
the use of metal permanent moulds. There would 
appear to be a field for the development of cast-iron 
permanent mould castings in this connection. 


STEAM AND COAL CONSUMPTION 
IN POWER STATIONS. 
By R. H. Parsons, M.E.1L.C. 
PROBABLY every central station engineer has 
been worried at some time or another over the 
i between the quantity of water he has 
to pump into his boilers and the quantity of steam 
his main generators would consume if they operated 
at their guaranteed efficiency. The difference, after 
allowing what may be considered a reasonable 
amount of steam for the operation of the auxiliary 
machinery and for other known sources of loss is 
apt to be accounted for by saying that the main units 
cannot be operating with anything like the efficiencies 
which they showed on test. No one is really 
satisfied by thisexplanation. Reciprocating engines 
unquestionably do deteriorate in economy in course 
of time, but the unaccounted-for steam is usually 
far more than could justly be laid at the door of 
the worst possible engine. Moreover, modern plants 
are equipped almost exclusively with turbines and 
the claim of turbine builders that their machines 
do not sensibly deteriorate with use appears to be 
substantiated, at any rate in the case of the reaction 
type. 


Thousands of Lbs.Water and Steam per Shift. 


In order to arrive at some definite figures showing 
what the missing steam amounts to, and how it 
varies with the output of the plant, the records of a 
certain station were analysed and the results proved 
of considerable interest. The station in question 
was of the modern type containing water-tube boilers 
with chain-grate stokers, economisers and super- 
heaters. The turbine equipment had an aggregate 
rated capacity of about 6,000 kw., and the net 
output of the station was about 12,000,000 kw.-h. 
per annum, of which practically one-sixth was 
supplied as direct current for traction, being 
converted by means of motor generators. All 
auxiliary machinery with the except‘on of the coal 
conveyor and the circulating water pump was 
steam driven. 

The period chosen for analysis was from 
January 16 to January 31, 1919, because during that 
time the load was carried by a single turbine running 
day and night. The data were abstracted from the 
log sheets on file so that they fairly represent the 
conditions obtaining when the operation of the 
station was not under special observation. It is 
possible that somewhat greater consistency might 
have been obtained had figures been collected 
expressly for the purpose in view, but the results 
would then have lost all the value attaching to their 
present innocence of any suspicion of manipulation. 
No attempt has been made to correct any reading 
which appeared to be of doubtful value. 

To study the steam and water consumptions of 
the station, the method described in ENGINEERING 
of November 14, 1914, was adopted. A diagram 
was prepared on which the feed water used per shift, 
and the steam taken by the turbine per shift were 
plotted against the corresponding gross outputs 
of the generator. The result is shown in the engrav- 
ing above. Through each series of plotted points 
a straight line has been drawn, the upper line, 
marked I, representing the average feed-water 





| consumption for all outputs per shift, and the lower 
line, marked II, giving the average steam con- 
sumption of the turbine. The steam consumption 
figures were obtained from an ‘integrating Lea 
recorder in continuous use on the discharge of the 
condensate pump. 

The equation to the upper line (I) is: 

W =110,000417K. « «+ @) 
in which W represents the pounds of feed water 
pumped into the boiler per shift, and K denotes the 
gross output of the machine in kilowatt-hours per 
shift. The lower line (II) is represented by the 
equation : 

8S = 48,000+ 18.35K. . . (Mi) 
Where S denotes the pounds of steam taken by the 


turbine per shift, and K is the output as before. 
The difference between these two equations, or : 


W ~ 8S = 62,0004+3.65K. . (MD 


is obviously a statement of the water or steam taken 
by auxiliaries, lost by blowing-off, leakage, con- 
densation, &c. In this particular case a certain 
amount of steam was used for heating the buildings, 
but even allowing for this, it will be clear how very 
serious an item the missing steam is in the economy 





of the plant. 





n 12 ” 


Thousands of K.W.H. per Shift. 


Since we have taken our missing steam as the 
difference between the steam actually used in the 
turbine and the amount of the boiler feed, the 
quantity is obviously not affected in any way by 
the question as to whether or not the turbine was 
living up to its guaranteed efficiency. 

The machine from which the records are taken 
is of the reaction type and had been running 
practically continuously for five years without being 
opened. Its original guaranteed consumption with 
a 28-in. vacuum may be represented over the load 
in question with very great accuracy by the Willans 
line: 

G = 76,800+ 128K. . . (IV) 

In which G is the guaranteed total steam con- 
sumption per shift, and K, as before, denotes the 
output per shift. This line passes accurately 
through the guaranteed consumptions at half, 
three-quarter and full load. It is shown dotted in 
the annexed diagram, and it will be seen on refer- 
ence that the actual turbine performance - is 
apparently considerably better than the guarantee. 
At half load (12,800 kw.-hours. per shift) tho 
guaranteed figure is improved on to the extent of 
9-04 per cent., at three-quarter load the difference 
is 5-65 per cent., and at full load it would amount 
to 3-63 per cent. It should be noted, however, 
that the guarantees were based on a 28-in. vacuum, 
whereas during the period under review the circu- 
lating water was almost at freezing-point, and the 
vacuum was rarely worse than 29 in. and frequently 
considerably better. Nevertheless, it is reasonably 
clear that the turbine had suffered no appreciable 
loss in efficiency during its prolonged service. 

The facts so far considered point to two con- 
clusions. Firstly, the margin for improvement in 
economy, so far as main generators are concerned is 
almost insignificant in comparison with the field 
which exists for reducing steam consumption else- 








where in a power station; and secondly that 
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barring mechanical injury, a steam turbine may 
retain its efficiency indefinitely. 
The coal consumption of the station with which 
we have been dealing, is given by the equation : 
C=21,000+2.9K . . - (¥) 


Where C shows the number of pounds of coal burnt 
per shift and K is the output as before. This 
equation was obtained by plotting the coal con. 
sumption figures against the output per shift, 
exactly as in the case of the water. The apparently 
high coal consumption is not only due in a great 
measure to the “‘ missing steam,‘ but the figures 
must be regarded in the light of the fact that the 
coal is a low grade of lignite, and in no way com- 
parable to British coal. Eliminating K from 
equations I and V we have: 


C = 2,235 + 0.17W . - (VI) 


W = 5,86 C — 13,103 . (VIX) 

These equations indicate that the evaporation will 
approach a limiting value of 5-86 lb. of water per 
pound of coal, and that were no water to be used 
per shift, it would take 2235 Ib. of coal per shift 
to maintain steam pressure. From equation V 
we see that at no output the station would consume 
21,000 lb. of coal per shift, so that the difference, 
or 18,765 lb. of coal per shift, is used to generate 
steam which is not directly useful in the production 
of power. 

An examination of the log sheets of another 
power station showed that its performance was 
fairly expressed by the equations: 


or 


C = 12,500 + 3.75 K . (VII) 
and 

W = 66 000 + 26.92 K (IX) 
whence 

C = 3,306 + 0.139 W (X) 
or 

W = 7.17C — 23,733 (XI) 


The equations are based on a month’s consecutive 
records, the output during the period being about 
520,000 kw.-hours. Although the station is a 
comparatively small one, yet nevertheless the 
figures cannot be considered good. The coal had a 
calorific value of about 12,000 British thermal units 
per pound, which accounts for the limiting evapora- 
tion figure of 7-17 lb. of water per pound of coal, 
comparing favourably with the previous case, but 
both the coal and water consumption per kilowatt- 
hour are high. In fact, it looks as if the feed water 
consumption of the station must be something like 
double the guaranteed steam consumption of the 
main generators. These latter are of the impulse 
type, and the conditions are such that they are 
probably taking much more than the guaranteed 
amount of steam. j 

The best all-round performance of any small 
power station which has yet come to the notice of 
the writer is that of the municipal plant of the 
City of Regina, Canada, the engineer and manager 
of which is Mr. E. W. Bull. The following figures 
summarise results of the operation of this station 
for the last three consecutive months, for which 
the records are complete at the time of writing :— 





























Output. Coal. Feed Water. 
kw.-hours. Ib, Ib. 
February, 1919 1,113,550 3,098,600 21,779,700 
March, 1919 .. 1,156,500 3,298,500 24,129,500 
April,1919 .. 1,028,520 3,067,500 21,503,200 
Total 3,298,570 9,464,600 67,412,400 
Feb., | March, | April, 
— 1919. 1919. 1919. | Average. 
Pounds ceal per kilowatt- 
hour .. ee ++] 2°78 2-85 2-98 2-87 
Pounds water per kilowat: 
hour .,. ee -+| 10-55 | 20-86 | 20-9 20-44 














The output given in the first column of the table 
above is the ate output of the main generators. 
Of this output, 3,102,580 kw.-hours were delivered 
as alternating current; the balance, amounting to 
5-95 per cent., was used in the station for driving 
auxiliaries, lighting, &c. Of the alternating current 
delivered, 927,800 kw.-hours or, say, 30 per cent., 
was converted to direct current and used for traction 


purposes. The total losses in transmission lines, 
transformers, meters, &c., on the alternating- 
current system vary from 6-9 per ct. to 10 per 
cent. of the current leaving the powe: —ouse. The 
higher figures for coal and water consumption 
towards the end of the period covered by the table 
are explained by certain adverse operating con- 
ditions. It may be added that the coal consumption 
of this station has been kept below 2-5 lb. per 
kilowatt-hour for weeks together. The fuel used 
is a bituminous coal with a calorific value of about 
12,400 British thermal units per pound and carrying 
ash and moisture to the extent of 16 per cent. and 
1-5 per cent., respectively. The weight of furnace 
refuse averages 20 per cent. of that of the coal fired, 
and daily calorimeter tests are made both on coal 
and refuse. 

The coal and water equations of the station are as 
follow :— 

C = 10,000 + 2.06 K 


and 

W = 60,000 + 15.3K 
whence 

C = 0.134 W + 1921 
or 


W = 7.42C — 14272 


in which C and W respectively represent the number 
of pounds of coal and of water used per shift, and 
K the gross output in kilowatt-hours. These 
equations are deduced from the individual daily 
records for the three months, and their substantial 
accuracy may be tested by using them to compute 
the aggregate coal and water consumptions of the 
station for the three months, when it will be found 
that the results obtained agree with the tabulated 
figures given above within the limits of commercial 
measurement. Equations denoting better economy 
could have been obtained over short selected 
periods, but those given are we'ghted with all the 
untoward incidents which occur in station manage- 
ment, and therefore fairly represent the running 
conditions. The limiting value of the coal con- 
sumption is seen to be 2-06 lb., and that of the water 
15-3 lb. per kilowatt-hour, while the evaporation 
tends to a limit of 7-42 Ib. per pound of coal. These 
figures are undeniably creditable, and the lowness 
of the constant losses also bears witness to the care 
taken in the upkeep and operation of the plant. 

The boilers are of the Babcock and Wilcox water- 
tube type, with underfeed stokers. Each boiler has 
4,928 sq. ft. of heating surface and is equipped with 
an economiser of 2,300 sq. ft. and a superheater of 
730 sq. ft. surface. The work'ng pressure is 200 Ib. 
per square inch and the average temperature of the 
steam is 540 deg. F. The greatest possible care is 
taken to avoid losses either of steam or heat. In 
addition to the main economisers mentioned, Mr. 
Bull has installed in the boiler flue a low-pressure 
economiser through which the condensate water is 
first pumped. . Thence the water passes to a heater 
constructed of four old boiler drums connected 
together and placed also in the main flue. This 
heater has a capacity of 100,000 Ib. of water, and 
into it are led all drains from steam pipes, traps, 
&c., the superheater blow-offs and the safety valve 
blow-offs. The feed water, in consequence, reaches 
the main economisers at a temperature of about 
140 deg. F., and the flue gases at the base of the 
— rarely higher in temperature than 220 

eg. F. 

The engine-room equipment comprises three 
Willans and Robinson turbines, two of which are 
rated at 1,500 kw. and the third at 3,000 kw. A Lea 
recorder enables checks upon steam consumption to 
be readily made and condenser leakage to be dis- 
covered. The surface condensers are large and are 
equipped with Parsons’ vacuum augmentors and 
Edwards’ air pumps. The heated air from the main 
generators is taken to the boiler room and used by 
means of motor-driven fans to provide hot forced 
draught for the stokers. Mr. Bull finds a distinct 
economy to result from this arrangement, and in 
any case it serves to mit gate the excessive engine- 
room temperature often found in turbine stations. 

Auxiliary machinery of every kind is motor 
driven with the except'on of the boiler feed pumps 
and the induced-draught fans. Steam exciters and 





steam stoker engines are provided in case of need, 
but are never used in ordinary circumstances, 





There is thus practically no exhaust steam available 
for feed-water heating, the heat in the flue gases 
being utilised for this purpose to the fullest extent. 
A further point of interest in this station is the 
provision for make-up feed water. The water 
supply to the station is hard and somewhat alkaline, 
and therefore unsuitable for use in boilers. Instead 
of installing a softener, Mr. Bull decided to take 
every care to conserve his water, and to provide for 
the small losses which are inevitable by evaporation. 
A live steam evaporator is employed and the 
evaporated water is condensed in the heater, thereby 
returning the heat of evaporation to the system. 
The amount of make up water only averages about 
3-75 per cent. of the total feed, and as the water 
is absolutely pure the usual blowing-off of boilers 
is entirely dispensed with, a considerable saving 
both of water and of heat being thereby effected. 





SADI CARNOT. 
By Engineer-Commander Epaar C. Smrru, R.N. 


Tuart Carnot in his famous memoir “ Refléxions 
sui Ja puissance motrice du feu ” adopted the caloric 
or material theory of heat is well known. According 
to this theory heat was supposed to be “a subtle 
elastic fluid which permeated the pores of bodies 
and filled the interstices between the molecules of 
matter.” Caloric could not be created; neither 
could it be destroyed. The amount of heat entering 
the condenser was the same as that which entered 
the engine with the steam. Carnot’s essay appeared 
in 1824. His death eight years later, at the age 
of 36, robbed the scientific world not only of an 
original and profound thinker but also of a man of 
wide sympathies and great versatility. For a 
quarter of a century or more after Carnot’s death 
the caloric theory held sway among physicists and 
engineers, and the attitude of engineers towards 
the new doctrine of the mechanical theory of heat 
was the subject of some interesting remarks by 
Sir Dugald Clerk in his presidential address to the 
Engineering Section of the British Association in 
1908.* The “ Refléxions’’ was the only work 
Carnot published. It attracted but little attention 
at the time, and it was not reprinted till 1871 when 
it appeared in the ‘‘ Annales Scientifique de I’Kcole 
Normale Supérieure.” Carnot’s brother, Hippolyte 
issued another edition in 1878, publishing with it 
a portrait, a short biography and a collection of notes 
from Sadi’s manuscripts. From these it was seen 
that Carnot not only was aware of the objections 
to the caloric theory, but that he had grasped the 
important principle of the equivalence of heat and 
work. Indeed, there can be little doubt that had 
he lived a few years longer he would himself have 
established the science of thermodynamics and have 
forestalled much of the work of Mayer and Joule. 
It is not often a memoir nearly a hundred years old 
provides the subject of a paper to-day, but Carnot’s 
work stil] retains its scientific and historical interest 
and his views on the equivalence of heat and work 
were again recently brought before the Paris 
Academy of Sciences by L. Décombe. 

Carnot came of one of the most celebrated 
families of Burgundy. His father was none other 
than Lazere Nicolas Marguerite Carnot the mathe- 
matician, engineer, revolutionist and administrator 
who, after serving his country faithfully during the 
stormy times of the revolutionary period, died in 
exile in Magdeburg in 1823. A pupil of Monge, the 
creator of descriptive geometry, the elder Carnot 
early made a name as a mathematician, but when 
the Revolution broke out he threw himself heart 
and soul into politics. It was he who, when France 
was surrounded by enemies, organised the 14 armies 
for which Berthollet, Monge and Chaptal provided 
the munitions. In Carlyle’s “‘ French Revolution ” 
will be found the story of Carnot’s escape from the 
guillotine by the accidental discovery of a list of 
proscribed names in Robespierre’s coat pocket. 
Carnot married in 1786 and his first son he named 
Sadi, after a noted Persian poet and moralist of the 
thirteenth century whose writings he admired. 
He lost this child in infancy, but when another son 
was born he did not hesitate to call him, also, Sadi, 
the boy’s full name being Nicolas Leonard Sadi 





* Encmgerme, September 4, 1908. 
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Carnot. There was a third son called Hippolyte, 
while Carnot’s grandson—Marie Frangois Sadi 
Carnot—was the President of the French Republic 
who was assassinated at Lyons, June 24, 1894. 
Sadi Carnot, the physicist, was born June 1, 1796, 
in the Luxembourg Palace, where his father then 
lived as a member of the Directory. As a boy he 
was somewhat delicate, but with time he grew 
stronger, and after attending the Lycée Charlemagne 
in 1812 he entered the Ecole Polytechnique, where 
he had for a fellow student the geometer Chasles. 
His progress was rapid, and in 1813 he secured the 
first place for the artillery, but being judged too 
young for the school at Metz he was permitted to 
remain at the lcole Polytechnique for another year. 
This was how he came to take part with the other 
students in the defence of Paris in March, 1814. 
Among his papers was found their address to the 
Emperor Napoleon, December 29, 1813 :— 

Sire, la patrie a besoin de tous ses défenseurs ; les 
éleves de l’Ecole Polytechnique, fidéles & leur devise, 
demandent de voler aux frontitres pour partager la 
ge des braves qui se dévouent au salut de la France. 

bataillon, fier d’avoir contribué & la défaite des 
ennemis, reviendra dans cette enceinte cultiver les sciences 
et se préparer & de nouveaux services. 

In October, 1814, he passed into the Corps of 
Engineers, at Metz, and the next few years were 
spent in ordinary routine duties in various garri- 
sons where, in the words of his brother, he was 
employed “compter des briques, réparer des pans 
de murailles et lever des plans destinés 4 s’enfouir 
dans les cartons.” In 1819 he availed himself of the 
opportunity to enter the staff corps in Paris, and 
there nearly all the remainder of his life was spent. 
Continuing the studies which had originally begun 
under the tuition of his father, he followed courses 
at the College de France, the Sorbonne and else- 
where, studied music, natural history and political 
economy, and found time to inspect the factories 
and workshops of Paris. “‘ Son intelligence insatiable 
ne lui permettait d’ailleurs de rester étranger a 
aucune branche du savoir.” In 1826 he became 
a captain in the Corps of Engineers, and retired from 
the service for good the following year, taking 
advantage of his leisure to visit some of the principal 
centres of industry. The Revolution of 1830 
interrupted his studies somewhat, but not for 
long. Excessive application, however, led to ill- 
health. An attack of scarlet fever was followed by 
brain fever, from which he was slowly recovering 
when he fell a victim to the epidemic of cholera 
which cost Paris the lives of some 18,000 inhabitants. 
He died August 24, 1832. 

Published by Bachelier, in Paris, the ‘‘ Reflexions 
sur la Puissance motrice du Feu et sur les machines 
propres a développer cette puissance’’ may be 
regarded as one of the classics of physical science. 
This ‘“epoch-making gift to science,” as Kelvin 
called it, seems to have hardly escaped oblivion. 
Had it not been for Clapeyron (1799-1864), the 
able French railway engineer, it might possibly 
have been lost sight of altogether. Clapeyron, also 
an “ancien éléve” of the Ecole Polytechnique, 
had been to Russia with Lamé (1795-1870) for some 
years, and on his return turned his attention to the 
steam engine and railway engineering. In 1834 he 
published in the Journal of the Ecole Polytechnique 
a paper entitled “Sur la Theorie mecanique de la 
chaleur,” in which he commented on the ideas of 
Carnot. This was the essay which fell into the 
_ hands of Kelvin in 1845 while a student working in 

the laboratory of Regnault (1810-1878). So little 
was Carnot’s memoir known that it was three years 
before Kelvin obtained a copy, eventually receiving 
one from Professor Lewis Gordon, the predecessor 
of Rankin at Glasgow. 

In 1847 Kelvin met Joule. The result is in- 
delibly written in the history of science. The 
period 1848 to 1856, Sir Oliver Lodge considers, 
was when Kelvin was at his greatest. ‘“‘ Mastering 
the facts emanating from Carnot and Joule with 
an astounding keenness and penetration, surpassing 
even Helmholtz, Kelvin had elicited the most 
beautiful discoveries concerning the conservation 
of energy and the comprehension of the laws of 
thermodynamics, discoveries whose charm we could 
hardly understand now.”* Of Joule and Carnot, 


* Sir Oliver Lodge’s Presidential address to Faraday 
Society, see ENGINEERING, May 29, 1908, page 722. 








Kelvin himself remarked when unveiling a statue 
of the former at Manchester in 1893, “ Joule’s 
initial work was the very foundation of our know- 
ledge of the steam engine and steam power. Taken 
along with Carnot’s w« t gave the scientific 
foundation on which all ‘»ce great improvements 
since the year 1850 had been worked out not in a 
—— way but on a careful philosophical 
asis.”’ 

It was the absence of any sound theory regarding 
the steam engine which led to Carnot’s investigations. 
His views on the importance of the matter are stated 
in the early part of his memoir :— 


Personne n’ignore que la chaleur peut étre la cause 
du mouvement qu'elle posssde méme une grande 
pu'ssance motrice ; les machines & vapeur, aujourd’hui 
si répaudues, en sont une preuve parlait & tous les 
a 
_ L’etude de ces machines est du plus haut intérét, leur 
importance est immense, leur emploi s’accroit tous les 
jours ; elles paraissent destinées a produire une grande 
révolution dans le monde civilisé. 


In the year which will see the commemoration 
of the centenary of James Watt it is not without 
interest to recall Carnot’s tribute to England as the 
home of the steam engine :— 


Si ’honneur d’une découverte appartient & la nation 
ouellea —— tous son accroissement, tous ses developpe- 
ments, cet honneur ne peut étre ici refusé & |’ Angleterre : 
Savery, Newcomen, Smeaton, le celébre Watt, Woolf, 
Trevethick et quelques autres i ieurs anglais sont 
les veritable créateurs de la machine & feu ; elle a acquis 
eutre leurs mains tous ses degrés successifs de per- 
fectionnement ° 


But, he continued,— 


Malgre les travaux de tous genres entrepris sur les 
machines & feu, malgre l’etat satisfaisant ou elles sont 
aujourd’hui parvenues, leur theorie est fort peu avancée, 
et les essais améliorations tentes sur elles sont encore 
dirigés presque au hasard. 


Carnot’s general views on the phenomena of heat 
may be gauged from the following brief extracts from 
his note books :— 


La chaleur n’est autre chose que la puissance motrice, 
ou plutét que le mouvement qui a changé de forme. 
C’est un mouvement dans les icules des corps. 
Partout ou il y a destruction de puissance motrice, il y a 
eu méme temps, production de chaleur en quantité 
précisément proportionelle & la quantité de puissance 
motrice détruite. Reciproquement, partout ou il y a de- 
struction de chaleur il y a production de puissance 
motrice. ie 

D’aprés re idées que je me suis formées sur 
la theorie de la chaleur, la production d’une unité de 
puissance motrice nécessite la destruction de 2-70 unites 
de chaleur. 


The unit Carnot used was the work necessary to 


| raise 1 cub. metre of water 1 metre high. His equiva- 


lent is therefore equal to +70 = 370 kg.-m. 
Mayer gave the value 365 in 1842, while Joule’s 
equivalent for many years was 425 kg.-m. Among 
the experiments Carnot proposed to make were 
these :— 

tér l’expérience de Rumford, sur le forage d’un 
metal dans l’eau mais measurer la puissance motrice 
consommée en méme temps que la chaleur produite ; 
= expériences sur plusieurs métaux et sur le 
Agiter fortement de ]’eau dans un barillet ou dans 
un corps de pompe & double effet et dont le piston serait 
percé d’une petite ouverture. 

> merge du méme genre sur i du mercure, 
de l’alcool, de l’air et d’autres gaz. Mesurers la puissance 
motrice consommée et la chaleur produite. 

Carnot work was no exception to the rule that 
the great majority of scientific discoveries have 
been made by men still young. This rule might be 
illustrated by a long list of names, such as Newton, 
Huyghens, Black, Adams, Leverrier, Hertz, Ront- 
gen, Perkin and Davy. In an age of great scientific 
activity, thermodynamics was founded by a new 
and rising generation which included Mayer, Joule, 
Kelvin, Helmholtz, Clausius and Rankine. When 
the mathematician Roger Cotes died, in 1716, at the 
age of 33, he left a series of unfinished researches on 
optics which caused Newton to say, “If Mr. Cotes 
had lived we should have known something.” A 
somewhat similar remark might have been made of 
Carnot, but whereas the science of optics received 
but few additions during the eighteenth century, 
within twenty years of Carnot’s death the new 
branch of physics with which his name is so 
intimately connected was firmly established and 
numbered among its adherents some of the greatest 
names in the scientific history of the nineteenth 


century. 





PISTON VALVE LEAKAGE. 


WE are indebted to Mr. J. T. Wallis, the general 
superintendent of motive power, to the Pennsylvania 
Railway Company, for the following in ing account 
of experiments made at Altoona to determine the 
leakage of steam past the piston valves of locomo- 


tives :-— 
An in tion of the leakage of piston valves for 
locomotives been conducted by the test depart- 


ment of the Pennsylvania Railroad at Altoona over 
a period of years, and has only recently been concluded. 
The apparatus used in the tests, consisted of a horizontal 
steam chest or valve chamber in which a full-size valve 
could be operated ; an electric motor for driving the 
valve ; control apparatus for the speed and length of 
valve travel; a surface condenser to condense steam 
which leaked past the valve so that it could be weighed ; 
a steam generator, consisting of a locomotive standing 
near the test machine ; a separately-fired superheater ; 
steam gauges, thermometers, water weighing tanks, &c. 

The valve testing machine, while following much the 
same lines as an earlier one, was made so that valves 
of different diameters could be tested. It is shown 
by the illustrations, Figs. 1 to 4, on page 6. The 
valve chamber proper consisted of a bushing or liner 
inserted in the machine in such a way as to form a 
space for steam jacketing. These liners could be easil 
removed from the machine, and were made with 
diameters of 12 in. and 14 in., some had a plain or 
smooth interior surface and some were m with 

kets or shallow blank ports. It cannot be said, 

owever, that these ports acted in the’same way as 

the ports in a locomotive where large volumes of steam 
flow through them to the cylinders, 

When the valve uncovered these blank ports on the 
steam side they would fill with steam, and this steam, 
trapped between the valve and the valve chamber 
walls, would be released on the exhaust side of the valve 
when it moved in the reverse direction. Thus there 
was a quantity of steam in the exhaust, in addition to 
that which leaked past the rings, and, this additional 
weight of steam was estimated from the volume of the 
ports or pockets and the pressure and specific volume of 
the steam. The leakage _ the valve always greatly 
exceeded this correction for steam passed through the 


rts, 

With some of the valve chambers, in order to save 
work in machining a whole new casting when a new 
inner surface only was required, thin liners or bushings, 
much like steam chest bushings, were pressed in. 
These liners were } in. thick, and the ports were cut 
through them, making the ports } in. deep. They 
were Sousd to 12 in. diameter after being pressed into 
place in the main valve chamber and, at first, were 
used without being sealed against leakage between the 
two surfaces. Later, as an extra precaution, the 
corners of the pockets and the outside ends of the 
liners were welded to the valve chamber. There were 
no indications, however, from the results obtained, that 
would indicate that the bushings were leaking before 
they were welded. . 

The steam was admitted to the valve’chamber and 
valve at the centre of the machine, and the steam 
which leaked past the valve was led off from each end, 
separately, to a condenser which was in two parts. 
The condensed steam flowed from the condenser into 
two weighing tanks. The steam jacket was"drained at 
the centre, into a steam trap, so that it was kept filled 
with live steam. 

The valve was driven’ by an electric motor lof 5 h.p. 
having adjustable speed control. The valve travel 
could be danedl and for the tests it was decided to 
use three travels, 1}§ in., 33 in., and 5} in., as repre- 
senting about one-quarter, one-half, and t uarters 
of the valve travel of 7 in., which is the maximum on 
our locomotives. 

Lubrication.—in ail of the” tests with saturated 
steam, a hydrostatic sight feed lubricator was used, 
and it fed oil into the steam pipe’ just above the con- 
nection to the valve test mac After’some trials 
with reduced oil feed, it was found’that about three 
drops per minute was the minimum that would ensure 
= lubrication and prevent excessive wear of rings 
an ing. 

When superheated steam was first used, the same 
method of feeding oil and a rate of three drops 
minute was continued, and the same valve rings ae éo 
were used with saturated steam. For a few tests no 
lubrication trouble —e and when the valve 
was removed it was found to be in good condition. 
When new rings and a new bushing were tried with 
superheated steam, however, using the hydrostatic 
lubricator, excessive steam leakage developed, and 
when removed the valve was found to be entirely dry, 
and the bushing and rings badly cut. Fo feed 
or oil-pump lubrication was then substituted for the 
other, for use with superheated steam, with oil inlets 
at each end of the bushing, at the top and at the centre 
of travel of each pair of valve rings. This method of 
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lubrication was continued in all superheated steam tests, 
and was fairly satisfactory. 

It appears that there was enough oil on the bushing 
and valve to lubricate the rings in the first tests with 
superheated steam, but that the hydrostatic lubricator 
failed to supply any oil in a form that could reach 
the wearing surfaces when using superheated steam, 
and when these surfaces were renewed, lubrication 
failed entirely. 

It must be borne in mind, however, that the lubrica- 
tion of the valve in these tests had but a slight relation 
to the lubrication in the actual locomotive, because 
of the very small volume of steam flowing through the 
machine and carrying oil to the wearing surfaces. 
The tests with superheated steam were very destructive 
to the ring surface. None of the rings had a smooth 





polished surface after the tests, but in all cases they 
were cut and scored. 

Method of Conducting Tests.—The general method 
employed in conducting the valve tests was to run the 
machine under fixed conditions of steam pressure and 
temperature, speed and travel of valve for 1 hour, 
making observations of pressures, temperatures, s 
and weight of steam leakage, at intervals of 10 minutes 
throughout the run. 

Speed of Valve.—The valve machine was operated 
at speeds of 80, 120, 160, 200, 240, 280 and 320 r.p.m. 

Steam Pressure.—The steam pressure was 205 lb. 
per square inch on the boiler, and somewhat less at 
the testing machine, but usually not less than 185 Ib. 
In the ordinary operation of a locomotive, the steam 
chest pressure is considerably below the boiler pressure, 









































and in these tests, the actual steam pressure conditions 
of our locomotives were approximated. 

Saturated Steam.—When using saturated steam, the 
steam pipe connections were direct from the boiler 
to the valve testing machine, and about 60 ft. in length. 
A steam calorimeter was attached just above the steam 
entrance to the machine, and a correction for quality 
was made, 

Superheated Steam.—For the superheated steam 
tests, the steam was passed through a separately-fired 
superheater having two locomotive superheater 
oe ees coupled together in series, and heated by an 
oil flame. The steam pressure and temperature were 
observed at the outlet heath the superheater, at the 
entrance to the valve-testing machine and at an outlet 
from the side of the steam space in the machine. 
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But two valve sizes were used, a few tests being 
made with a 14-in. valve, but nearly all with a valve 
The Pennsylvania Railroad valve 
rings were from regular stock, and had no special 
preparation. Some special forms of ring were also 


used. The valve body, for most of the tests, was of 
the older Pennsylvania Railroad type, but in a number 
of tests with plain bushings the late form of light- 
weight valve for the class E.6s locomotive was used. 
The ring joint was of the step or lap form in most 


12 in. in diameter. 
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cases, but some rings with a diagonal joint were tested. 
(See Figs. 8 to 10, annexed.) 

Valve rings were tested with saturated steam, and 
with steam having a superheat of 100 deg., 200 deg. and 
300 deg. There were thin metal diaph 8 in the 
ends of the valve to prevent steam flowing through the 
valve body. A yy in. hole was drilled in one of these 
diaphragms so that the interior of the valve would be 
aie exhaust steam p menenne 
Leakage. eneral Statement.—The results in steam 
leakage were erratic, but, taking account of all 
that appeared normal, and those where the present 
standard two (2) ring valve, with a diameter of 
12 in. was used in the plain bushing, the leakage at 
each end of the valve ranges between 171 Ib. and 
183 lb. per hour with saturated steam; between 
194 lb. and 210 lb. with steam at 100 deg. superheat ; 
between 181 Ib. and 197 lb. with steam at 200 deg. 
superheat ; and between 122 lb. and 132 lb. with steam 
at 300 deg. superheat. 

For the bushing with ports, the tests show a 
of between 302 Ib. and 326 lb. per hour for saturated 
steam, between 425 lb. and 448 Ib. per hour for 100 deg. 
superheat, and between 383 Ib. 414 lb. per hour for 
200 deg. superheat. 

Valve Travel.—The length of valve travel, when it 
ranged between 2 in. and 6 in., was found to have but 
little effect upon the leakage. 

Speed.—The speed of the valve (strokes per minute) 
had no appreciable effect u leakage. 

Form of Ring Joint.—No difference in leakage was 
found between the step and diagonal form of ring 
joint. 

Rings with Large Side Clearance.—The side play of 
the ring in the grooves of the valve, when made accord- 
ing to our locomotive maintenance instructions, is 
between 3 thousandths and 8 thousandths of an inch, 
and the valves were made up in this way. It was noted, 
however, that in some cases there was a tendency for 
the ring to be clamped or pinched in the grooves at 
the joint, but free at other points. 

To determine the effect of rings loose in the grooves, 
a trial was made with rings having a side clearance of 
about yy in. The results of this trial were that the 
rings having the large side play show somewhat less 
segitine than the same rings when a close fit in the 
grooves. The leakage was 190 Ib. per hour for ‘the 
standard width and 186 Ib. for the loose rings. 

Steam Pressure under Rings.—The pressure under 
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the valve rings was measured with the valve standing 
and also when it was in motion. The pressure 
were connected to the spaces under the inner and outer 
rings eye of flexible metal tubing. With the 
steam c head removed to make a passage for these 
‘tubes, they could be connected to stationary pressure 
gauges and the pressure observed with the valve in 
motion. 
-qWith a pressure or 185 |b. in the steam chest it was 
found that with the valve standing, the pressure under 
both rings was very nearly that in the steam chest, or 
185 lb. When the valve was in motion the pressure 
under the first or inner ring was a steady pressure and 
equal to the steam chest pressure. Under the second 
or outer ring the pressure was a fluctuating one, and 
had a range between 90 lb. and 150 1b. In ing over 
the port, the steam under the outer ring is released 
and the cavity refilled by steam which leaks the 
inner ring. pressure, therefore, under the outer 
ing, is lower than that under the inner ri 
“how to Drive Valve.—The electric drive of the valve- 
testing machine made it possible to measure the gross 
power consumed in operating the machine. The motor 
is rated at 5 h.p., but this rated power was greatly 
exceeded, and as much as 15 h.p. was observed in tests 
at 300 r.p.m. 

One Ring Valve.—In one series of tests the two-ring 
or regular valve was first tried in the plain bushing, 
and then had both inner rings removed. With two 
rings at each end of the valve, the average leakage for 
three speeds was 186 lb. per hour and under the same 
conditions, but with one ring at each end the 
was 418 Ib. per hour, This is an increase of 232 Ib., 
or 124 per cent. 

Three-Ring Valve.—One valvevhad three instead of 
two rings at each end, and these ri were of the 
Pennsylvania Railroad Anchor type. cept for the 
added my Be valve was the sere arty a toate with 
two rings, it was expected that the t ing would 
make a tighter valve form than the ewocieg,, “Mnsept 
in one series of tests the leakage with the three-ring 
valve was less than with two rings. The improvement 
appeared to be small, however, in view of the added 
complication of the third ring, or four extra rings per 
locomotive. it 

HEAVY OIL ENGINES FOR BRITISH 
SUBMARINE BOATS. 

In our issye of February 28 last we gave photo- 
graphs and descriptions of the Vickers’ submarine 
engines, and we are now in a position to supplement 
these by drawings showing the construction of two 
typical engines and by particulars of trial results. 

twelve-cylinder engine is one that has been 
made in large numbers during the war by Messrs. 
Vickers, both at their works at Barrow-in-Furness and 
at Ipswich. It has also been manufactured by a number 
of firms working under licence from Messrs. Vickers. 
The latter firm has latterly introduced various improve- 
ments in detail and in arrangement of controls, and as 
these, owing to the necessity of rapid production, were 
not wholly incorporated in the engines made by 
licensed firms, who were working to Admiralty instruc- 
tions, the description we now append will include points 
interesting even to those who are fully conversant 
with the earlier engines. This twelve-cylinder ine 
is{shown in elevation in Fig. 1, Plate I, while a 
cross-section is given in Fig. 2 of the same Plate. 

The peculiar framing construction of the engines 
is plainly evidenced by these drawings. First of 
all it will be noticed that each main bearing is carried 
by a separate steel — these i are 
recessed into longitudinal , athwartship fitted 
bolts, not shown in the drawing, tying the two er. 
This construction obviously entails considerable care 
in chocking the a pe in the boat, but with trained 
workmen no difficulty arises, and the required accuracy 
is obtained in a surprisingly short time. In adapta- 
tions of these engines weight ,was relativel 
unimportant, a cast bed has been substitu 
and a similar design out in steel is, with modern 
foundry methods, applicable to the light weight engines, 
and would probably be proposed for future work where 
i angeability with previous parts, as for Admiralty 

is not important. In this » a8 in many 
ae pple te gyn my ate Binge vellngy Bog 
subsequently menti , the designers have been 
handica by their own success, as improvements 
which experience has ted out to the firm were 
sometimes not on account of the necessity 
of maintaining ormity with the large number of 
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work, 
other 





These are of gy spe ly triangular elevation, and 
are plainly visible in the sectional view. The riveting 
of the heads and feet of the columns is most carefully 
carried out, the holes being reamered and the rivets 
inserted 'y from opposite sides to avoid 
bending the column. The column is stiffened by 
light angles on its outer edges, these angles forming 
the facing for light sheet steel plates forming the sides 
of — gon Be pe circular hand doors are 
fi in the out casing to facilitate feeling 
the liner and lower i Further stiffness is 
given by angles plainly shown on the elevation which 
support the horizontal ee below them. This 
tie-plate has a hole in it slightly larger than the cylinder 
jacket bottom flange, and supports the latter by means 
of four adjustable snugs bolted to the tie-plate. On 
the column head is placed a sandwich or distance-piece, 
which takes the weight of the liner, and to which the 
cover is secured by six 1}-in. studs. The connecting 
joint consists of a cast-iron ring ground into both 
iner and cover. The main impulse load is transmitted 
from the covers to the columns by two studs and four 
bolts, 1§ in. diameter, for each column between 
adjacent cylinders, two bolts only in addition to the 
studs being fitted to the end columns of each of the 
four groups of three cylinders, into which it will be 
noted the engine is divided. 

This framing construction permits of close deter- 
mination of stresses and lends itself to a light-weight 
engine, but the main practical advantage is in the 
extreme accessibility it gives to the crankhead and 
main bearings, while a cylinder is rapidly replaced 
should occasion arise. Accessibility and facility of 
overhaul are, of course, of the utmost importance for 
marine work. 

The cover, it will be seen, is a simple steel casting, 
the inlet and exhaust valve boxes being separate from 
it. These boxes seat upon coned joints in the cover, 
a ground metal to metal joint preventing | 
from the compression space. They are very thoroughly 
water-cooled, as will be seen in the elevation, the inlet 
valve-box even having a recess turned on its exterior 
into which water from the cover has access. 

The water joints between the top of the cover and 
the valve boxes are made by indiarubber rings com- 
pressed below the flange of the latter. no 
trouble is experienced on service, yet in later engines 
Messrs. Vickers make this joint by a pair of rubber 
rings in grooves on the periphery of Fg ond which 
enter into a slight recess in the cover. The advantage 
of this is that the joint becomes a sliding one, auto- 
matically compensating for any wear due to grindi 
down of the valve-box. A similar water joint is fitted 
between the bottom of the liner and the jacket, the two 
grooves being visible in the illustrations, 

The exhaust and induction valves are of nickel steel, 
the former being water-cooled by flexible indiarubber 
armoured hose connected to the valve head. The 
inlet water passes down a central tube to the bottom 
of the exhaust valve and escapes upwards around this 
tube. The practice of water-cooling exhaust valves 
is followed by Messrs. Vickers even in their smallest 
submarine engines, one advantage being that the 
spindle clearances may be kept fine so that on starting 
the leakage of gas into the boat will be negligible 
compared. with that from uncooled valve spindles in 
which a comparatively large clearance has to be 
allowed for expansion due to heat. 

The separate valve-spindle guides will be seen in 
the section in Fig. 2, taken at the No. 11 cylinder, this 
being in accordance with the desire for extreme dura- 
bility of all parts. Lubrication is not now fitted to the 
valve spindles. The head gear calls for no particular 
comment beyond stating that the spring spindle has 
a tee-end at its lower extremity, so that if it is depressed 
and then turned through a right angle about its axis 
it can be readily removed with its spring. 

The cylinder proper is very p sae in form 
and consists of a plain cast-iron liner surrounded by a 
corrugated sheet steel jacket. This latter terminates 
at its lower end in a pressed forging, to which it is 
welded, and at the top a flange is welded to the jacket 
and is jointed to the underside of the sandwich plate. 
The liner has a number of steel bosses riveted through 
it, as indicated in the elevation of the eight-cylinder 
engine (Fig. 3). These bosses are machined to form 
stuffing boxes through which the piston lubrication 
connections pass; these connections being screwed 
into the liner. Eight of these feeds are fitted to each 
cylinder, and are supplied by a sight-feed force lubri- 
cating pump. In practice this pump is set to a low 
output, as very little lubrication is required for the 
piston. 

The piston is of simple design in cast-iron. The top 
is concave and fitted at the centre with a screwed hole 
for a lifting bolt. srieia 6 beh te time held a ial 

desi to maintain a high tem . thus 
ay ben ary combustion, but ae cer aed un- 
necessary and is not now fitted. Though the hole is 
left open to the flame no harm is occasioned thereby, 





the main impact of the injection not coming upon the 
centre of the piston as in an air-injection engine. 
There are six piston rings, 0-375 in. wide at the upper 
_ of the piston, and one — ring at the bottom. 

gudgeon pin is pressed hollow from ial case- 
hardening steel, a plug being subsequently fitted to 
exclude the oil. The diameter is in three steps, as is 
usual, and is tightly driven into the piston, being 
secured at one end by a set pin and at the other by a key. 
A light aluminium is fitted over the top of the 
connecting rod and is secured by the gudgeon-pin 
set screw and by a special stud at the opposite side. 
The somewhat complicated lower guard originally 
fitted has been abandoned. 

The connecting rod is of plain turned design. The 
top end is spherical with a non-adjustable gudgeon 
bearing, consisting of a bronze bush pressed into the 
eye of the rod and lined with white metal. This bush 
has a radial hole through it at the middle of its length, 
this hole communicating with a groove turned in the 
eye of the rod. By this means, if the bush should by 
accident or carelessness turn slightly, the oil supply 
from the hollow rod is not interrup The lower end 
of the rod is forged into a palm in which the crank- 
head brass is spigoted, provision being made for a 
compression plate. The crank-head brasses are of 
bronze, white-metal lined with a circumferential non- 
staggered oil groove at their middle length. The 
lubrication oil passes into the top of the main bearings, 
thence through the crankshaft to the crank-pin, from 
thence up the rod to the top end. It will be noticed 
that this-design of crank-head is somewhat heavy, 
and Messrs. Vickers have adopted a modified design 
in cast steel for crank-heads of their non-Admiralty 
work. 

The crankshaft in the twelve-cylinder engine is in 
four three-throw sections, and was maintained at the 
same diameter as the solid shaft in standard six, eight 
and ten-cylinder engines, namely, 74 in. Nickel- 
chrome with hollow journals and pins was originally 
fitted throughout the large engine, mainly to save 
Se 

, the maximum stress not being materially 
affected by the addition of the extra cylinders. 
Difficulties in supply during the war led to this being, 
in a number of twelve-cylinder engines, used only for 
the aft two lengths, the — carbon steel pattern 
as originally used in the smaller engines being used 
for the forward lengths. All these shafts are oil- 
toughened, and the pins are trued by hand and lapped 
after turning. 

The exhaust main is not shown on the drawings, 
but it consists of a pair of water-jacketed headers, 
one for each six cylinders, built up in lengths with 
independent outlets to atmosphere. The Admiralty 
engines are fitted with cast-iron mains, but for ordinary 

urposes welded sheet steel has proved quite satis- 
Gane. The order of firing of cylinders is 1, 7, 3, 9, 2, 
8, 6, 12, 4, 10, 5, 11, and deflecting diaphragms are 
fitted in the mains to prevent interference between 
the cylinder exhausts. 

The flywheel is of cast-iron fitted with teeth on 
the outside to engage with a 3-h.p. electric or hand- 
turning gear of Vickers’ patent, specially designed for 
instant operation, and to meet the Timited space 
available. The centre eye of the wheel is — 
from the rim to which it is bolted by a series of bolts 
shown in Fig. 3, and it is divided along its diameter to 
facilitate machinery overhaul in the ‘ 

The twelve-cylinder engine illustrated is of the 
latest class, in which the unit system of fuel pumps 
originally favoured by the submarine service is fitted. 
In this the inlet and exhaust valve cams are fitted 
on a shaft running in ring-oiled bearings, at about the 
middle height of the engine. The lower end of each 
of the long push rods carries the case-hardened steel 
roller, and on either side of it is a guide block sliding 
upon sy prepared guides in the cam casing. 
A loosely fitting cover surrounds the push rod, and 
excludes dirt from the casing. A lead from the bearing 
oil supply is led to each cam roller and guide, the oil 
entering at the back and squirting into the hollow 
interior of the roller block, as shown in Fig. 2. The 
cam casings drain back to the crank-case, the only oil 
remaining in them being that in the small troughs 
under each cam into which the latter dip. The cams 
are wide, and are made of case-hardening steel pressed 
to a hollow section. The cam-cases—which were 
originally of aluminium alloy, but owing to other 
demands for that material have during recent years 
been made in cast-iron—are bolted to the camshaft 
brackets, and are provided with a footstep to facilitate 
access to the top gear. The lower camshaft is driven 
by spur gearing in the middle bay of the engine, while 
the upper camshaft receives its motion through a bevel- 
driven vertical shaft visible in the middle of Fig. 1. 
The timing gear on the vertical shaft is also shown 
on this illustration. On rotating the horizontal wheel 
it is moved vertically upon the thread shown, and 
thereby advances or retards the upper shaft relative 
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driven through a number of spi on & i 
moved vertically by the hand wheel and sliding on 
straight keys on the vertical shaft. As the upper shaft 
carries the fuel admission cams, this effect is analogous 
to that of moving the “spark” in a petrol engine. 
It is a refinement not usually —— to Diesel engines, 
but intelligently used it enables the best setting for 
any condition of working to be obtained. 

For ordinary running the spray valve, when at full 
power, is due to be opened at about 16 deg., measured 
on the crankshaft, before the top dead centre of its 
piston, and the controls, which will be presently 
described, have been re-designed so that as the duration 
of the spray valve opening is reduced for lower powers ; 
the point of injection is simultaneously adjusted to 
that suitable for ordinary surface conditions. With 
these conditions it is unnecessary to adjust the timing 
gear when varying the power, but in the event of a 
heavy “ charge ” pang put upon the main motors of the 
boat, thus considerably increasi the load on the 
engine, it is possible to retard the injection a few 
d or with a light condition of the boat or a 
following wind the timing may be advanced slightly. 
Adjustments of fuel valve settings to suit variations 
of fuel are also very conveniently carried out in similar 
manner. 

Messrs. Vickers have carried out extensive trials in 
various conditions to investigate the effect of the 
timing gear and the result is to show that within the 
limits of practical working the brake horse-power 
and maximum cylinder pressure are both increased 
by advancing the injection, the curve of increase on a 
base representing the angle of injection being a straight 
line. Saintes cards varying in character from the 
flat-topped card representative of the normal air 
injection engine to the sharply peaked card of the 
explosion engine, can be obtained at will, and the 
whole forms a most interesting study. In ordinary 
trials the firm limits the maximum pressure to a more 
reasonable figure, but. on occasions on service where: 
extra s has been required the engines have been 
run with timing gear adjusted to give cylinder pressures 
of 700 lb. per square inch and over without any ill-effect. 
The control of the spray valves is effected by the 
left hand vertical hand wheel seen in Fig.1. This, 
by gearing, partially rotates the spray valve control 
shaft, the lowest of the three shafts running along the 
top of the engine. At each cylinder this shaft has a 
notched lever keyed to it. Alongside this lever is a 
similar lever with a spring clutch handle, the second 


lever being fixed to a short sleeve riding on the spray: 


valve control shaft. When this sleeve is rotated by 
the handle the eccentric fulcrum mounting of the spray 


valve lever is partially turned by means of the two 


levers and the connecting rod, plainly seen in Fig. 2. 
The eccentricity of this mounting and the link pro- 


portions are so designed that a close approximation’ 


to the required point of fuel admission to suit any 


reduced duration of admission is obtained. Ordinarily’ 


the clutch handles are pushed forward to engage wi 
the levers on the control shaft, in which case all spray 
valves are controlled by the hand wheel, and over a 
wide range ed yond a movement of this wheel is all 
that is required to regulate the power. Should it be 
desired to cut out any cylinder the handle is drawn down, 
disengaging the sleeve lever from the one alongside 
it, and on bringing the handle forward to a notch in 
the fixed quadrant, as shown dotted in Fig. 2, the spray 
valve is put out of operation, a small cam on the sleeve 
lifting the suction valve of the fuel pump and putting 
it also out of action as the spray valve ceases to operate. 
The whole is particularly simple, though the repetition 
of the units for each cylinder gives a first impression of 
complication, but it is plain that experience was 
necessary to enable the —— somewhat complicated 
co-relation of functions of timing and duration to be 
obtained by such an elementary form of apparatus. 
The fuel pumps at each cylinder are eccentric 
operated and consist of bronze castings supported in a 
steel casting secured to the cylinder cover. This i 
carries the upper camshaft bearing, on the cap of whic 
is mounted a separate small bearing in which the top- 
most shaft slides. This shaft is actuated by the right- 
hand wheel in the centre of the engine, and by means of 
a downwardly-projecting stirrup slides a spiral scroll 
cam at each pump to the position required for the 
correct fuel output. This output is varied as the cam 
does not allow the suction valve of the pump to close 
till the desired point in the downward stroke of the 
latter. The high-pressure pump is marked on No. 12 
cylinder in Fig. 1, and the spring returning the tappet 
for the suction valve can be detected in the drawing. 
The bore of the pump is $ in. and its stroke 1 in., special 
soft packing being used in the gland. Ordinary webbed 
cone valves are usually fitted, but ball valves 
have been found equally efficient, and are now finding 
favour in the service. The whole of the bracket, 
p and details have been redesigned in Vickers’ 
models with advantages as regards ease of manu- 






































face close to the edge. 
knurled, and a number of these discs strung on a central 
bolt form a cartridge with circumferential rows of tiny 
triangular holes on its surface, through which the fuel 
passes to the centre and thence through the end plate 
to the outlet pipe. A vent valve is fitted to the spray 
valve body, this valve, for convenience, being fitted 
on the head of the pulsator, which casting also forms 
the strainer body. 
steel tube, and its function is to receive the fuel charge 
from the pump, when this is supplying only its own 
cylinder, pending the opening of the spray valve. A 
pressure gauge is mounted on the discharge pipe so 
that the pumping plant for each cylinder is complete 
in itself, as origi 
pulsator a valve is now fitted, and through this valve 
each pulsator can be connected to’a main, originally 
fitted for priming purposes. The common practice 
is now to run with the pulsato 

in which case the pumps are, of 
the fuel to each cylinder, the spray valves performing 
this function. This is opposed to the i 

but consideration will show that the valve is more 
likely to be accurate than the pump. The system 
thus run becomes a pressure system, and all that is 





facture, weight and efficiency, but in so doing, inter- 
changeability has been maintained to a considerable 


d of detail. 

The fuel from the pump passes through the pipe 
shown on the right of it to a strainer, and thence into | i 
an accumulator tube shown vertically just to the left 
of the right-hand column on No. 12 cylinder. It then 
passes to the spray valve. The strainer at one time 
consisted of a plate with fine holes drilled in it, but 
the later type, which is much cheaper and affords 


filtering area, consists of a series of perforated 
, each with a shallow circular projection on one 


This projecting annulus is 


e pulsator is a slightly flattened 


y specified. At the bottom of the 


rs coupled to this main, 
course, not measuring 


ordinary idea, 


required pressure and to 


ae is to maintain the 

adjust the spray valve functions to regulate the power. 
A development of this system will be seen when the 
eight cylinder reversing engine in Fig. 3 is described. 


A safety valve is fitted to the pressure rail in the 


centre of the engine, as is also’a quick opening valve for 
immediately stopping the engine in case of emergency 
by releasing the fuel pressure, 


The spray valve in the standard engine is an ordinary 


eg ager conical valve, made in hard steel. The 
gland 


is packed with fuel-pump packing and, with 
reasonable care in first packing, is perfectly satisfactory. 
The valves can be individually cajusted. by the nuts 
seen on the end of the spindle. The nozzle is of tool 
steel and its securing nut is bedded upon the coned 
seat in the cylinder cover so that there is no tendency 
for fuel to leak through joints to the cylinder. The 
number and disposition of the holes in the nozzle depend 
upon circumstances, but in the engine described they 
are five in number, and 0-0205 in. in diameter, the 
jets being at 68 deg. with the axis of the cylinder. 

The lower part of the spray valve-box is a steel 
stamping, the upper part, which contains the spring 
and the guide plunger upon which it bears, is of cast 
steel, the eccentrically-bored fulcrum bearing of the 
spray-valve lever being mounted between the two 

. The spray valve is operated by a lever of the 
first order, shown in Fig. 2, which has a wide roller 
loosely mounted in a groove at its inboard end, this 
roller engaging with the fuel cam. The fuel cam 
consists of a small hardened toe-piece mounted in a 
steel cam disc on the upper camshaft and at the centre 
line of the cylinder, and is capable of slight circum- 
ferential adjustment on its disc. A sheet save-all is 
fitted under each pump, and by means of a drain pipe 
avoids waste of fuel when cleaning filters or venting 
the system. 

The engine is started by opening a T-handled air 
master valve, situated near the centre of the engine, 
which admits air to the two starting air boxes between 
the end groups of cylinders. In these boxes are small 
partially-balanced valves, normally kept off their 
seats, and thereby free of the cams, by a light spring. 
When air is admitted the valves are blown down upon 
their seats and are operated in correct sequence by 
cams on a pair of athwartship shafts bevel driven from 
the lower camshafts. At one time air starting was 
regarded as an emergency measure, the electric motor 
—— ily used in submarines. Air starting valves 
fi with hardened ends engaging with the cams were 
satisfactory in such circumstances. Nowadays air 
starting is recognised as safer in the event of water 
having entered the engine during driving, and the air- 
starting valves have been provided with steel 
rollers to give increased durability, a very neat little 


ign having been ado air — from 
the air-starting box to the individual cylinders, passing 
into the cylinders through a spring-loaded non-return 
valve on the cover. As seen in Fig. 2, it passes through 
small holes after leaving the non-return valve so that 
no broken part can enter the cylinder in case of breakage 
of a valve. The engine having started on air the spray 
valves are put in gear, and afterwards, when con- 


venient, the air master valve is closed. With pipes and 
pumps fully primed, firing begins within the first two 
or three révolutions, the absence of the chilling effect 
of the injection air doubtless accounting for the ease 


in starting. 

At the back of the engine is a bearing oil pump, of 
double-acting type, and a plunger pump for main- 
taining the gravity fuel tank These pumps run at 
half engine speed, and are driven by bevels from one 
of the starting air camshafts. In some boats where 
automatic compensation of fuel by sea water pressure 
is fitted, the gravity fuel pump is disconnected. A 
tendency is growing to separately-driven pumps 
in submarines, and if this matures the arrangement of 
any engine will be greatly simplified, the necessity of 
finding an accessible site on the engine for the auxiliaries 
presenting considerable difficulties where space is a 

rimary consideration. The indicator shafts are also 

iven from the air camshafts. These consist of a shaft 
for each set of six cylinders, driven at engine speed, 
upon which are mounted adjustable eccentrics whose 
straps and rods move a vertical — at each cylinder 
to which the wire actuating the indicator is attached. 
A clutch with special tooth causes the indicator shafts 
to revolve when cards are to be taken. By this method 
the crank pits are kept clear of all parts likely to fail 
on long runs. A pair of small lubricators of plunger 
type are also fitted at the back of the engine. These 
supply oil to the pistons as previously described. 

e induction header is not shown on the drawings, 
but it consists of a light steel pipe for each half of 
engine, to which the induction valve boxes are coupled 
by trumpet-shaped pipes. The air to each header 
passes from the atmosphere through a bell-mouthed 
inlet, while a lead is also to take a small air 
supply from the crank-case. latter supply leaves 
the crank-case h a hole in each tie-plate and 
passes through a light fibre non-return valve on its way 
to the induction header. By this means the crank- 
case, which has small inlet grids at the ends of the 
engine and in the centre, is maintained under a slight 
vacuum, and the atmosphere in the engine-room is 
not contaminated by the egress of vapour when running 
or after stopping. 

The circulating water is led from an independent 
rotary pump to a main supplying the jackets, from 
which it passes to the cover through six tubes through 
the sandwich plate, the joint round these tubes being 
made by vulcanised rubber rings. It then to the 
jacket of the exhaust bend and away. e exhaust 
valves are fed from a se main with a filter at 
either end. A short-circuiting valve is fitted between 
the pump suction and the cooling water discharge, 
so that in the event of a sudden dive to a great depth 
being made, the sea valves may be closed, and yet a 
circulation of the water in the closed system can be 
maintained till the engines have cooled. 

The fuel oil flows from the gravity tank, which is 
placed in any convenient place in the engine-room, to 
the centre of the engine, passing first through a settli 

where sediment «nd water can be removed, 
then to the middle of a main running the length of the 
engine. This connection is so that surging 
from end to end in a seaway is prevented, and from it 
the main rises towards each end facilitating venting 
and enabling a standard main to be used whether the 
rake of the engine in the boat is up ordown. From this 
main small pipes with shut-off cocks lead to each high- 
pressure fuel pump, the fuel being filtered by a 
gauze filter embodied in the suction chamber of the 

ump. The pump itself, with its discharge filter, has 
boon described above. 

Examination of the drawings will show that all of 
the of the engine are particularly accessible, while 
in the construction ease of and adjustment 
has been carefully studied. To this and to the moderate 
rating of 1,200 brake horse-power to 1,400 brake horse- 
power, at 380 r.p.m. to 400 r.p.m., may be attributed 
the long and successful ing that so many of the 
British boats have carried out without the necessity 
of assistance. 

We are able to give, in Fig. 5 on page 10, a copy 
of a typical indicator diagram from one of these 
engines, er with the record of a 6-hours’ full 
power trial (Table No. I) independently recorded, 
which will doubtless be of interest in view of the many 
discussions regarding the efficiency of solid injection. 

Fig. 3 shows an eight-cylinder reversing engine in 
elevation, Fig. 4 giving an end view. A number of 
these engines were ordered by the Russian Government 
from Messrs. Vickers for patrol vessels. The cylinder 
dimensions are the same as in the twelve-cylinder 
engine, namely 14} in. diameter by 15 in. stroke, the 
engine easily developing 800 brake horse-power at 
380 r.p.m. It will be noticed that the construction 
of the larger engine has been closely followed when- 
ever possible, but in this instance the engine has been 
designed to operate on the common fuel pump or 





“rail” system. The fuel pumps are shown in the 
end view and are driven by spiral wheels from the 
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TABLE L—Stx Hours’ Orricrat Snor Trtat or Supmartne Enctye 1,200 B.H.P. Datep Szpremser 5, 1918. 



































Circu- Lubricating Oil. 
Fuel Used. Controls at — perme 
Fuel : Temperature, sphere 
Time. R.P.M. |. B.H.P. Pressure. Fahrenheit. m- 
F Pest . gemey, perature. 
Lb. per | Lb. per le pray 
Hour. |B.HLP-Hr. Pump. | Valves. |PTessure In. Out. 
Ib. per Ib. per | Ib. per 
sq. Th. sq. tn. sq. in. deg. deg deg. 
Ist hour 379-8 | 1,209-9 461 0-381 4,500 9 18: 10 12 68 87 
2nd hour 382-5 | 1,218-5 461 0-379 4,500 9 18-5 10 12 71 101 62 
3rd hour 381-0 | 1,213-9 461 0-380 4,500 9 18-5 8 10 72 106 
4th hour 381-8 | 1,216-3 457 0-376 4,500 9 18°5 8 8 87 109 62 
5th hour 381-4 | 1,215-0 479 0-394 4,500 9 18°5 10 12 98 116 63 
6th hour 881-7 | 1,216-0 461 0-380 4,500 9 18 10 12 104 114 63 
Average 381-3 | 1,215-0 463 0-381 _ _ _ - _ _ _ _ 


























latter design having had to be taken to accommodate 
the reversing gear and central drive in the same bay. 
The success of this design led to a demand for a 
twelve-cylinder eevee ng engine on similar Roe. 
and a perspective view of this type is given on L 
yen em en the designs previously described will 
show that as little alteration as possible in standard 
parts has been carried out. The high-pressure fuel pump 
is driven by the crank-shaft and supplies fuel to a main 
from which the spray valves are fed. The fuel pressure 
is controlled at will by a lever in the centre of the engine, 
while a lever higher up controls the spray valves. 
This undoubtedly represents the simplest form of 
injection ever applied to a high duty heavy oil engine. 





Dovuste PAYMENT oF INcoME-TaxEs.—In view of the 
exceptional hardship resulting to British firms and 
individuals residing in France from the existing regu- 
lati in respect to income-tax, the British Chamber of 





Indicated horse-power, 1520. 


Inspecting Officer’s Report: “ The engine ran steadily and well, and no trouble of any sort was experienced throughout the 
trial. The com pits remained clear of gases, and the exhaust was light and good. The trial is considered satisfactory. 


Tasie Il.—Engine No. 521 Port. Official Starting and, 
Reversing Trial, April 26, 1919. 

















om Sm 
2 B Air Pressure, ¢ s 
As 3/8 
From. | To. § 2133s : a o}ee 
=a-) go 2 2 be Zt 
33/5 eis! 8! 39/3 
se )sas|) = = 8] 5a 
& l|F al|< 3 B |e 
c. ft. | Ib. Ib. Ib sec. 
Stop Ahead | Cold | 36-4 | 550 | 525 | 25] 5 | 8-0 
Stop Ahead | Cold | 36-4 | 525 | 510] 15] 3 | 4-0 
Stop Ahead | Cold | 36-4 | 510 | 495} 15| 3 | 4-0 
Stop Ahead | Cold | 36-4 | 495 | 485} 10) 3 | 4-0 
Stop Astern| Cold | 36-4 | 480 | 465 | 15] 2 | 3-0 
Stop Astern | Cold } 36-4 | 465 | 450| 15] 2 | 2-5 
Stop Astern| Cold | 36-4 | 450 | 440 | 10| 2 | 2-5 
Stop Astern| Cold | 36-4] 440 | 425] 15] 2 | 2-5 
Astern | Ahead me 36-4 | 400 | 380 20 | 15 — 
Ahead | Astern| (36 | | 36-4} 380 | 365] 15]|16 | — 
Astern | Ahead | 36-4 | 365 | 355| 10} 16 | — 
Ahead | Astern| ) Z® | (36-4 | 355 | 345 | 10] 15 —_ 





























Note,—Load condition as at full power. 

The fuel system was primed by hand for the first start to, 
approximately 400 Ib. pressure. is was not necessary for the 
subsequent starts, as there was sufficient residual pressure in the 
system. For reversing no hand priming was carried out. 

Of the time taken to reverse the engine, from 13 seconds to 
14 seconds were absorbed in hand manipulation of shutting off 
and opening the controls and pany | the reversing wheel. 
Number of turns of reversing wheel from full ahead to full astern 
equals 23. 

Taste IIl.—Hngine No. 518 Port. July 3, 1918. Air 
Starting Trial Arranged for Lloyds Surveyor. 

Thirty-four starts were made, dropping the pressure from 
450 Ib. to 195 Ib. per square inch. Volume of compressed air 
in use 37-5 cub. ft. 

The engine was cold, not having been touched since the previous 
morning's preliminary air starting trial. 

Load condition of engine as at full power. 

Note.—The number of starts could have been increased, but 
the air bottles were some considerable distance from the engine, 
and due to the long length of pipe, considerable ‘‘ wire drawing *” 
took place, 


end of the crankshaft. There are four plungers, 
0-66 in. diameter by 1-25 in. stroke, the revolutions 
being 190 at full engine speed. Each pair of pumps 
can be isolated from the other or put out of action if 
required. A separate discharge is led to the control 
box in the centre of the engine, so that if required one 
pair of pumps may serve one group of four cylinders. 
By these means, total stoppage in the event of failure of 
either pump or fuel main is prevented. As a matter of 
fact, these pumps, with their double suction valves and. 
forced lubrication are wonderfully reliable, while failure: 
of fuel piping is almost unknown, the high pressure of. 
sometimes over 4,000 lb. per square inch presenting no. 
more difficulty than lower pressure in thinner piping. 

The smaller hand wheel is free to be rotated when the 
reversing gear is in the full ahead or astern position. 
Its first turn opens a master valve in the control box 
which air to the air distributor boxes at the 
ends of the engine. These are similar in principle to 
those on.the twelve-cylinder engine, but are disposed 
radially in a neat bronze casting, one cam only in the 
hox being required for each direction of running. 
Further turns admit fuel to the main supplying first 
one. group of four cylinders ani then the remainder, 
the air being finally shut off. A last turn stops the 
engine by shutting Fuel off the mains, The fuel passes’ 
through a strainer and a shut-off valve to the spray | 
valve. Quick-closing shut-off valves are fit in 
later engines of this type, the handle by its position: 
serving as an indicator as to whether the supply is; 
open, to the spray valve. A small lever which may be’ 
seeri at the running position is connected to the fuel 
pump, and by modifying the operation of the 
mechanically-operated suction valves in the usual’ 
manner, regulates the pressure of the fuel supply, and’ 
thence at any setting of the spray valve determines 
the amount injected. 

The spray valve regulation is effected by the lever’ 


at the top of the engine in the middle. This lever 
rotates a shaft passing through bearings on each cover, 


| the intermediate fuel levers being mounted on eccentrics, 


on this shaft. This intermediate lever is moved 
through the intermediary of a short tappet rod by the 
fuel cam on the single camshaft, which in this instance 
is mounted on brackets attached to the top of the 
columns and carries the inlet and exhaust cams also. 
The other end of this intermediate fuel lever depresses 
the bell crank of the spray valve, a roller in the lever 
sliding upon a hardened piece in the bell crank. The 
spray valve in these engines differs from that of the 
twelve-cylinder engine, the spindle being totally 
enclosed within a steel stamping and operated by a bell 
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crank, the spindle of which passes through a gland in 
the side of the valve casing, a ball race taking the 
unbalanced fuel pressure on the bell crank. This 
design was chosen as lending itself better to the upper 
camshaft arrangement than did the standard valve. 

The reversing of the engine is carried out by the 
large hand wheel, which, through a scroll and crank, 
first by partially turning a reversing shaft—mounted 
in the same bracket as the camshaft, but above it— 
swings the inlet and exhaust push rods clear of their 
cams and then, after sliding the camshaft till the 
reverse cam is in the correct position, replaces the push 
rods in their working position. This hand wheel is 
back-locked with the starting wheel so that it cannot 
be operated except when the latter is in the “ stop” 

ition. The fuel and air-starting cams being of small 
oy be pushed past their respective rollers without 
the latter being otherwise lifted, the cams‘ and rollers 
being tapered to facilitate this operation. 

The drive for the camshaft in this engine is entirely: 
by —_ wheels, the sliding motion of the camshaft, 
wheel being met by the provision of a wide wheel in 
the train. The bearing oil and gravity fuel pumps, 
together with the usual indicator gear and piston oil 
pumps, are at the back of the engine in the centre bay. 
The two former pumps can be disconnected from the 
engine and worked by hand for priming purposes, a. 
similar arrangement being followed in the twelve- 
cylinder engine. 

Hand reversing was adopted instead of power gear 
on the ground of reliability after long service. Tables 


Fig. §. 
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Commerce, Paris, has made representations to the Royal 
Commission now sitting to consider this and similar 
matters, and proposes to send a delegate to London to 
‘submit concrete cases to the Commission. The Chamber 
will therefore be pleased to receive from members in 
France who are affected by the British income-tax laws, 
concise and specific details of revenue on which they are 
compelled at present to pay not only the French income- 
tax, but the British income-tax on the same items of income. 


THE LATE Str Jonn Brunner, Barrt., P.C.—Sir John 
Brunner, the eminent chemical manufacturer, who died 
of heart failure at Chertsey on July 1, was born in the 
same year (1842) as Lord Rayleigh, who predeceased him 
by one day. He came from an old Swiss family which 
had been settled near Ziirich for four centuries. His 
father, a Unitarian clergyman, came over to England 
and married there, and John Tomlinson Brunner was 
born at Liverpool. Having entered a Liverpool shipping 
office when 15 years old, he was in his twentieth year 
manager of the chemical works of Messrs. Hutchinson 
and Earle at Widnes, where he met Dr. Ludwig Mond. 
The two became friends, bought, in 1873, the Winnington 
Hall Estate, near Northwich, and made alkali by the 
Solvay process. The new firm soon extended to Sand- 
bach and Middlewich, and under the style of Brunner, 
Mond and Co. e ded into one of the biggest and most 
successful works in existence. Leaving the scientific side 
to his partner, Brunner took the charge of the general 

ment and remained chairman of the company till 
his end. A man of wide interests and a generous heart, 
he was an enthusiastic trade unionist though a capitalist, 
and a promoter of peace and liberalism in politics and 
religion, of liberal education, inland navigation, and of 
archeological research. With a short break he repre- 
sented Northwich in Parliament as an advanced liberal 
from 1885 till 1909, when he retired. The juniors at the 
works were given a scientific training, and he did much 
for benevolent institutions. One of his gifts to the 
Corporation of Widnes was the Widnes-Runcorn sus- 
pension bridge, which cost him 68,0001. it is said. He 
was created a baronet in 1895 and sworn of the Privy 
Council in 1906; his honorary degree as LL.D. came 
from Liverpool. His eldest son, Mr. John Fowler Leece 
Brunner, who succeeds to the title, is also a director of 
the firm. 





Leap-Sopium AtLoys.—It has long been known that 
an addition of sodium to lead hardens the lead. As 
nearly the same effect can be obtained by the addition 
of other elements, however, which do not render the 
lead subject to corrosion as the sodium is apt to do, 
the lead-sodium alloys have little been studied. In the 
Zeitschrift des Vereines Deutscher Ingenieure, of May 10 
last, Dr. J. Goebel describes some tests to which he 


‘| submitted ternary alloys of lead-sodium-mercury and 


lead-sodium-tin. He started from the binary alloys 
Pb-Na, Pb-Hg, Pb, Sn, fusing the constituents in a 
hydrogen atmosphere, and cast test cylinders, 2 cm. 
diameter, 1-75 cm. high, which he submitted to hardness 
tests (Brinell), bending tests and impact tests, the latter 
by repeatedly dropping a tup of 5 kg. on the specimen. 
The specimens were tested immediately after quenching, 
or eight days or more later. Lead dissolves 0-8 per cent. 
of sodium, and the mixed crystals formed in the 4 per cent. 
alloy contain the compound NaPbs, the eutectic contains 
2-5 per cent. of sodium. The addition of up to 7 per 
cent. of mercury to lead raises the hardness figure from 
4 to 9. When sodium (up to 4 per cent.) is added to 
the lead, the hardness increases very much, reaching the 


II and III, annexed, give the results of the starting value 8 when the Na percentage exceeds 0-8, keeping 


and reversing tests, and incidentally show the rapidity 
of starting and the low consumption of air. 
These engines gave great satisfaction to the Russians, 


but owing to the collapse of that country they did not, 


receive them. A number were allocated to the Anglo- 
Saxon Petroleum Company, who used them for installa- 
tion in some converted sailing ships. For this purpose, 


nearly at that value up to 2-5 per cent. and falling 
off with higher Na percentages. The hardness figure 
of zine would, by the same test, be 27, that of electrolytic 
iron 47. The further addition of mercury to these 
binary alloys does not make much difference ; the curves 
are in general more regular, however, and the maximum 
is shifted nearer 2-5 per cent. Na. Ternary all 

containing less than 1 per cent. of Na are softer than the 


to suit the low = of the ship, the propellers were | Corresponding Pb-Na alloys. The bending tests eh 


designed to absorb 630 brake horse-power at 320 r.p.m., 


better values when mercury was added to the 


the ines being adjusted to suit. A number of these! and poorer values when sodium was added. The crush- 


installations have been carried out, some in China, 
with satisfactory results. 

These engines are interesting as showing a complete 
remodelling of type while maintaining interchange- 
ability of important parts to a considerable extent. 
Attention to details in the re-design enabled the weight 
of the reversing design to be brought below that of the 
eight-cylinder non-reversing design on which it was 





based, a few inches increase in overall length over the 


ing tests showed that the reduction in height of the 
cylinder was much decreased by the addition of sodium, 
and the formation of macks was also less noticeable ; 
but hardness and crushing strength did not go together, 
and two specimens of equal hardness might give very 
different crushing values. The experiments with the 
binary and ternary tin alloys, Pb-Na-Sn, were not satis- 
factory ; the sodium made the alloys (up to 7 per cent. 
of tin) harder, but not stronger, and the conelusion 
drawn is that only the lead sodium-mereury alloys might 
answer for certain technical purposes. ; 
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INDUSTRIAL NOTES. 


A MEETING of the General Council and members of 
the National Alliance of Employers and Employed is 
being held to-day at the Caxton Hall, Westminster, 
when addresses will be given by the Right Hon. Arthur 
Henderson and other members of the National 
Industrial Council, and a discussion will take place 
on the effect upon the work of the Alliance of the 
establishment of an Advisory Council of Employers 
and Employed as recommended by the Committee of 
the National Industrial Council. 

In the evening, Lord and Lady Brassey are enter- 
taining the members of the National Alliance to an 
evening party, at 24, Park Lane, W. 

The National Alliance has now established 30 Joint 
Committees of Employers and Employed in various 
provincial centres. The latest committee is one for 
the County of Oxfordshire, on which employers and 


employed in agriculture and kindred industries are 
represented. 





Under the National Insurance Acts as they stand 
at present all manual workers are required to be 
insured without regard to their rate of remuneration, 
but persons employed otherwise than by way of 
manual labour are not insurable as employed con- 
tributors if their rate of remuneration exceeds 160. 
a year. The present limit of 1601. a year was fixed in 
1911, and, owing to the general increase in salaries 
and wages, it does not now represent the same dividing 
line between non-manual workers included in, and 
excluded from, insurance. A Bill presented by Major 
Astor, supported by Dr. Addison, Mr. Munro and 
Mr. Macpherson proposes the substitution of 2501. 
for the previous limit as affording the closest possible 
approximation to the extent to which wages have 
risen in the case of the classes of non-manual workers 
affected. 





An article in The Yorkshire Post, on the projected 
ironstone developments on the Hambletons, states 
that in considering the possibility of working thinner 
seams away from the present recognised ironstone 
area, it may be well to point out that Bilbao ore, for 
example, is costing more for labour in Spain, and the 
freights which, in pre-war time, were about 4s. 4d. 
per ton, Bilbao to the Tees, are now up to 30s. per 
ton. Competing with such high prices enables a mine- 
owner in this country to work a considerable quantity 
of previously unsaleable material along with the proper 
article, and still be able to sell at a profit. Many 
factors determine what it may be possible to use, and 
the adoption of improved methods of manufacture, the 
freight market, and the easy access to sources of fuel 
supply have an important bearing. The necessity of a 
greatly increased output from the furnaces during the 
war led to an enormous importation to the Tees of home 
ore from Northamptonshire and from the Lincolnshire 
deposits. The arrangements with the Ministry of 
Munitions have made this possible from the financial 
point of view, and the supply of home ore to the 
Middlesbrough furnaces from these sources still con- 
tinues. How long it can be maintained profitably when 
the industry returns to a normal basis, plus the higher 
wages, will require careful consideration. 

The available quantity of ironstone in the main 
Cleveland seam is roughly 608,000,000 tons, of which 
270,000,000 tons had been worked by 1913. This 
leaves 338,000,000 tons, which is calculated to last 
fifty-six years at the former rate of working of 6,000,000 
tons per year. The war years, however, have seen that 
rate considerably increased. Even when regard is had 
to the fact that the top seam, the Pecton seam, and 
the 2 ft. seam have not been worked, and that these 
probably contain more ore than the main seam, the 
exhaustion of the supply may be expressed in terms of 
comparatively few years. If the cost of working 
can be reduced to a remunerative figure, ore from these 
seams will probably compete with imported ores, 
whether from foreign sources or from the home fields 
remote from Teeside. The necessity of fresh sources of 
supply within reasonable distance of the blast furnaces 
is impressing the Cleveland ironmasters, and on the 
experience at Kirby Knowle, when developments have 
reached a sufficiently useful stage, will probably 
depend an extension of the ironstone mining to the 
western confines, of the Hambletons. Having regard 
to the fact that the Cargo Fleet Company, who were 
the last to commence blast furnace work in the area, 
erected calcining bins at their Liverton mines, to reduce 
the haulage of crude ore, it is probable that future 
developments will follow this lead. It means a reduc- 
tion of 30 per cent. in carriage, the calcined ore repre- 
senting only 70 per cent. of the raw material—an 
important factor in transport. 





We have received a copy of the final report of the 
Joint Committee of Employers and Employed appointed 




















































ment in the cotton trade. 
the mills did not open for the resumption of work last 
Monday, further difficulty having arisen owing to the 
refusal of the members of the Operative Spinners’ 
Amalgamation to abide by the terms decided upon. 
Their action is contrary to the decision of the Legis- 
lative Council of the United Textile Factory Workers 
Association. 
meeting take place to discuss the grievance, a request 
which the employers have agreed to. 
the rejection by the spinners of the terms arrived at 
and referred to in our last issue is due to the action of 
the shop stewards in the spinning mills. The spinners 
object to the clause which states that the altered hours 
of work and rates of pay are to remain in operation 
without change for eighteen months, after the expira- 
tion of which period one month’s notice is to be given 
by either side of any desired alteration ; they object to 
the period being limited to eighteen months only. 


said 
turned, but he thought the revival of trade would have 






at Lord Balfour of Burleigh’s Conference, held on 
February 9. It is published by the North London 
Manufacturers’ Association, 18, Finsbury-square, E.C. 2. 
We dealt in our issue for April 11, on page 468, with the 
interim report, which was presented to Lord Balfour 
of Burleigh on April 3, and widely circulated; this is 
reproduced in the final report in question as Appendix B. 
Following upon the presentation of this interim report, 
the Joint Committee proceeded to deal with what they 
had agreed 
namely: Suspicion; fear of unemployment; unfair 
division of profits and products; status in industry ; 
extremist propaganda; and economic fallacies. These 
six main causes are reviewed in detail in an appendix, 
Appendix C, to the said final report; the signatori 


to be six main causes of industrial unrest, 


ries 


add that they consider the surest remedy for Industrial 
unrest to be in the cultivation of greater communica- 
tiveness between, and more spontaneous goodwill on 
the part of both employers and employed in the 
discharge of their relative duties. 
satisfaction and grievances are discussed in detail, 
and a number of recommendations are given, 
with abstracts of the s 


of dis- 


together 
peeches made at the Conference. 
The Council of the North London Manufacturers’ 


Association, who are responsible for convening the 
Conference at which the Joint Committee in question 
was appointed, announce that a further conference 
to which the final report is to be submitted is to be held 
on the 23rd inst. In the meantime, the report will 
repay careful reading. 





In our last issue we referred to the strike and settle- 
Against all expectation 


The latter association has asked that a 


It is stated that 





The annual general meeting of Messrs. Brunner, 


Mond and Co., Limited, was held in Liverpool on 
June 20, when Mr. Roscoe Brunner gave information 
on his company and on chemical products in general. 


In regard to the trade of the United om, he 


ere were signs that the corner may have been 


come much earlier had the world been convinced that 
there was some finality to the demands of labour. 
He did not think any sane man would grudge to labour 


its fair share of the profits of trade, but unless labour 


realised that there cannot be profits without proper 
production and that decreased production led to lesser 
profits and lessened employment, there would be no 
revival of trade. Coal had more than doubled in cost 
during the war, and the production had gone down to 
such a point that our export trade, upon which the 
prosperity of the country so largely depended, had 
practically disap , and we were warned by the 
Coal Controller that not only will our houses be rationed 
as they were last winter, but that he may have to cut 
down the supplies of fuel to industry, which again will 
lead to further unemployment. We were told that the 
cure for all this was to nationalise the coal mines. 
He failed to find that the State had done anything 
whatever better than it was done by private individuals. 
During the war the Government factories may have 
produced on as favourable terms as the private works, 
though he could assure the meeting there was con- 
siderable controversy on that point; but as Sir Keith 
Price stated the other day, and he was the head of the 
Department of the Ministry of Munitions which had 
charge of His Majesty's factories—while their costs 
were as favourable as the costs of private employers 
the State had had the benefit during the war of the 
advice and help of many of the most eminent engineers 
and chemists and business men, and that in peace times 
the State would not have had the advantage of those 
gentlemen’s services. Many of those services were, 
of course, given free, therefore the factories were not 
burdened with such costs. The State would not now 
get the benefit of the services of those eminent gentle- 
men, and to suppose that the ordinary civil servant 
—and when a man went into the Civil Service he very 
quickly became ordinary as a rule—-was going to put 
into the coal trade the enterprise of a private owner 
was to expect too much, nor was it likely that the State 





would risk the capital the private owner had put into 
the mines during the past centuries. 

ryan me unloading in the Liverpool docks had 
been so delayed that a smaller amount of foodstuffs 
will enter the country than should have entered. The 
dock labourer was going to be short of coal next winter, 
and if the delay in the import of foodstuffs went on the 
miner would be short of food. So each trade reacts 
upon another, and all react upon the prosperity of the 
country. In regard to coal control during the war, he 
added, the Coal Controller estimated that he would 
save 700,000,000 ton-miles per annum by taking the 
whole of the distribution of coal into his own hands. 
He had not, so far as he (the speaker) was aware, 
published the result, but in the company’s case it was 
calculated that his intervention has led, not to any 
saving, but to a loss of more than 2,000,000 tons-miles 
per annum. 





In the course of the statements he made at the annual 
meeting of Petters, Limited, Yeovil, held on Thursday, 
June 19, Mr. E. W. Petter, the managing director, 
said that no portion of the Yeovil works had been sold 
to Messrs. Vickers, Limited, neither had the company 
been in any sense absorbed by Messrs. Vickers. The 
scheme was a joint enterprise on the part of Messrs. 
Vickers and the company to occupy the works at 
Ipswich built by the Consolidated Diesel Company, 
for the manufacture of the larger sizes of the Petter oil 
engines. They were laying themselves out to manu- 
facture their oil engines by methods of mass production, 
and they meant to turn them out in such quantities 
and with such accuracy and skill that their competitors 
at home and abroad could not hope to challenge the 
Petter engine. On the other hand, they had made a 
close study of the world’s markets, and they would 
have an organisation for selling their engines which 
would challenge comparison with the finest organisation 
of any of their competitors at home or abroad. 





THe Empire Monicipa, Directory.—-The 1919-20 
edition of this directory makes its thirty-seventh annual 
appearance rather later than usual this year, doubtless 
owing to difficulties of compilation arising out of war 
conditions. About one-half of the book is occupied, 
as usual, with a directory of local authorities, and their 
chief officials, for all parts of the British Isles and also 
for the British Overseas Dominions. This is followed 
by sections relating to road-making, engineering and 
building construction, cement and concrete work, 
ventilation, lighting and heating, water supply, sewage 
disposal, fire prevention, town planning, and many other 
matters of municipal interest, each section being a 
synopsis of recent practice and pro made in that 

articular branch of municipal work. Another useful 
eature included is a directory of institutions, associations 
and societies concerned with municipal and public health 
work, and the municipal engineering and sanitary trades 
directory will doubtless be welcomed by many users. 
The directory concludes with a diary giving three days 
to a page, and this feature helps to enhance the value 
of the work as a desk companion for municipal officials. 
The price of the volume is 5e. net, or post free 5s. 6d. 
in the United Kingdom, and 6s. abroad. It is published 
by_the Sanitary Publishing Company, Limited, of 
8, Bream’s Buildings, London, E.C. 4. 





Tae Iwstrrvution or Execrrican EnGIncers.—A 
conversazione was held by this Institution on June 25, 
at the Natural History Museum, South Kensington, to 
meet the members who had served in H.M. Forces during 
the war. In the course of his speech of wel , the 
president, Mr. C. H. Wordingham, C.B.E., said it was 
no hypocrisy to state that we had not won the war in 
our own strength. Although we were fully warned 
we were utterly = We had but a handful 
as armies, a navy which we are assured on the highest 
authority was deficient in certain vital respects, we had 
practically no hospital ships or ambulance trains, no 
adequate supply of suitable armament, and we were 

tched against a nation which had t forty years 
in steady preparation, which had sucked the brains of 
every other nation for ideas and inventions, which 
stop at no degradation in the practice of war, using 
the foulest methods of the vitriol Sooner and murderer, 
and yet we won. We may say it was due to this man or 
that, to the sailor or the engineer, to our money or to our 
cleverness, but if we are honest we shall say that we owe 
it to God’s goodness and mercy. It was true that many 
of those who stayed at home had been just as indis- 
pensable as those who had fought, and they had done 
their utmost to contribute to the result of the nation’s 
effort, but after all nothing can come up to the services 
of those in the field. They had weohed as hard as any, 
for longer hours than most, and over and above all they 
had faced the foe at close quarters. It was no ordinary 
foe, but a foe without a k of honour, chivalry, or 
human feeling, a foe full of bluster when victorious with 
overwhelming odds on his side, and a craven and 
snivelling coward when beaten. A foe with whom though 
he sign a treaty of peace we must ever be alert to watch 
lest at the last he sting us like an adder. ‘“ We as 
engineers,” added Mr. Wordingham, “ are specially proud 
of our men, because while a large proportion entered the 
ranks, the greater number subsequently earned commis- 
sions. We are proud of their merit, but especially proud 
because the facts show that an engineer's training fits 
him for administrative work and the command of men.” 
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THE ROYAL AGRICULTURAL SOCIETY’S 
SHOW AT CARDIFF. 
(Concluded from page 837 of vol. cvii.) 

In our article of last week we referred to the fact 
that the most noteworthy feature of the machinery 
display at Cardiff lay in the large number of different 
types of the smaller class of agricultural tractor 
which were staged. We then described and illus- 
trated the examples shown by Martin’s Cultivator 


horizontal vis-a-vis engines, but one well-known 
maker has abandoned it for a four-cylinder vertical 
type. By far the greater number of the tractors 
have frameworks built up of merchant sections, but 
a type has appeared represented, for instance, by 
the Fordson, Austin and Wallis in which the main 
frame is formed by the crank chamber and back 
axle casing in the manner we have already referred 
to. A final point we may mention is that on the 
whole the British builders fit a higher speed engine 


than is seen in the American models. There are 
many exceptions to this rule on both sides, but 
broadly it isin evidence. In view of the very severe 
conditions with which any farm tractor may at 


Company and Messrs. Clayton and Shuttleworth, and 
now propose how to deal with some of the remainder. 
An inspection of the very varied types of appliance 
which were exhibited at this one show illustrates 
how far the farm tractor yet is from settling down to 
a fairly definite type, in the sense in which the 
commercial motor wagon has settled down’ to a 
definite type. It is possible, of course, that such 
confluence of type as the motor wagon has seen will 
never take place with the agricultural tractor since 
farm conditions in various parts of the country 
differ so much more widely than road conditions, 
and the clays of Essex will never be the chalks of 
Hampshire. None the less, it is hardly possible 
that the whole of the types now in being will survive 
in their present forms, and one may expect an 
ultimate movement towards a few more definite 
classes. We doubt if it is possible for the shrewdest 
judges yet to say what those forms will be. The 
conditions of operation are so onerous and various 
that only many years in the school of experience can 
ultimately weed out the unsuitable and direct the 
suitable along the correct path of development. 

As things stand at present one may divide existing 
tractors—of which the Cardiff Show may be taken 
to have contained a reasonably representative 
collection—into fairly definite groups. A main 








is available for pulling. The makers of the Glasgow 
tractor point out, however, that when a tractor is 
driven by the back wheels only, the reactions due 
to driving tend to raise the front end, and when 
front driven tend to raise the back end and claim 
that only when all wheels are driven can the tractor 
remain stable when pulling heaving. This question 
of the tendency to raise the front end of the tractor 
with rear wheel driving is of importance, and has 
given much trouble, cases of tractors completely 
turning over backwards being not unknown. 
It is clear that if the point of attachment of the 
plough is above the back axle this rearing is likely 
to take place, but even with the plough attached 





division may be made between endless-track tractors 
and wheeled tractors. At Cardiff the latter out- 
numbered the former by 4to1. Similarly a division 
might be made between tractors pure and simple and 





motor ploughs. If it be made, the tractors out- 
numbered the ploughs again by about 4 to 1, but the 
distinction is to some extent artificial and is difficult 
to maintain. In all cases we think the motor 
ploughs were convertible into tractors by fitting 
a frame with rear or forward wheels. In ploughing, 
or other cultivation, it is probably an advantage 
that the plough or cultivator should be attached 
directly to the machine and not merely towed, but 
as against this the work involved in putting the 
machine to different classes of work is clearly 
greater when parts have to be unbolted and new 
parts fitted, as against the mere hitching on of a 
new machine for new work. 

Considering for the moment the wheeled tractors 
only, it will be found that they can be divided up 
into fairly definite groups. A broad division is 
into three or four-wheeled types, of which the 
latter outnumber the former by more than 2 to 1. 
The four-wheeled type is distinctly favoured by 
the American builders, and there is at least one 
American four-wheeled machine that has superseded 
a three-wheeled model by the same builders. Beyond 














the broad division between three wheels and four 
wheels, subdivisions can be made into tractors 
with built-up frames and those with a type of box 
structure in which the crank chamber and back 
axle casing form the main frame of the machine. 
Again, a division might be made between tractors 
with front and those with rear-wheel steering. It 
is unnecessary, however, to proceed to any greater 
lengths with this classification into types. What 
we have wished to illustrate is the great variation 
now existing and incidentally »o lead up to the fact 
that through all the divergence to be seen there does 
even now appear to be development towards a 
definite form. 

It is not suggested that there is necessarily any- 
thing final in the matter, but broadly we suggest 
that there is evidence of the evolution of a tractor 
having four wheels, steering on the two leading 
wheels and driving by means of pinions working 
on internal spur rings in the rear wheels. An 
enclosed differential and gear-box is fitted giving 
two speeds forward and reverse. The engine is of 
the four-cylinder vertical type arranged to start on 
petrol and run on paraffin. A considerable pro- 
portion of the American machines have two-cylinder 


any time have to deal, it is doubtful if it is desirable 
to run the engine “all out” in normal working, 
and a considerable reserve capacity is likely to be 
very useful. 

Turning now to details of some of the tractors 
exhibited we will in the first instance deal with an 
example which gets away from the more or less 
standard class, the general lines of which we have 
indicated above. We wish to deal with this model 
first, not only in virtue of its great intrinsic interest, 
but because it accentuates a matter which is of 
importance in al] tractor design. The tractor to 
which we now refer is shown in Fig. 7, above. 
It is known as the ‘‘ Glasgow,”’ and was shown by the 
makers, the D. L. Motor Manufacturing Company, 
Limited, of Toll-street, Motherwell. This tractor, 
as will be seen from the illustrations, is of the three- 
wheel type, but its very special features are that all 
the wheels are driving wheels, and that it has no 
differential. The advantage of this arrangement 
clearly is that the whole of the weight of the tractor 








Fie. 8. Tur Forpson Tracror; Messrs. Henry Forp anp Son Inc., Cork. 


low down the stalling of the rear wheels may still 
have the same effect. The driving of all wheels 
appears desirable from this point of view. 

The Glasgow tractor, as will be seen from the 
illustration, is of the enclosed type, in which the 
crank chamber and similar parts act as a main 
frame. It is fitted with a four-cylinder, 44 in. bore 
by 5} in. stroke engine, which drives through a 
gear-box in the usual way, giving forward speeds 
of 5 miles and 24 miles an hour and reverse of 2$ miles 
an hour. The gears run in oil. The final drive 
is effected by bevel gears on both the front and rear 
axles. The place of the differential on the front 
axle is taken by a simple ratchet device on each of 
the wheel hubs. This allows either wheel to over- 
run the other. When turning the inner wheel speed 
follows that of the engine, and the outer wheel 
simply runs at a speed dictated by the radius of the 
curve. It will be noted that with this arrangement 
no power is lost when turning, the outer free wheel 
simply acting as a steering wheel. The rear wheel 
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is concave and stabilises the main structure, which 
is pivoted on the front axle. Further, a stabilising 
device is attached to the front axle to keep the engine 
unit always in an upright position. The tractor 
weighs 3,600 lb. 

Fig. 8, on page 12, shows the Fordson tractor, 
which was exhibited by Norton’s Agriculture, 
Limited, of Llandrindod Wells, Radnorshire. Messrs. 
Henry Ford and Son’s London office is at 59, 
Shaftesbury-avenue. This tractor, as will be seen, 
is also of the type in which there is no independent 
frame. The main body of the machine is formed 
by the crank chamber and cylinder casting and the 
rear transmission housing. The engine is of the 





were, we think, without exception fitted with such 
a pulley. 

As an example of a very successful American 
tractor which approximates fairly closely to 
the general type which we outlined above, we 
may refer to the Emerson-Brantingham which was 
shown on the stand of Messrs. Melchior, Armstrong 
and Dessau (London), Limited, of 27, Maddox- 
street, Regent-street, London, W.1. This is of the 
four-wheeled type, and is fitted with a four-cylinder 
vertical engine with cylinders 4} in. diameter by 
5in. stroke. The normal engine speed is 900 r.p.m. 
Enclosed gear running in oil is fitted, giving two 
forward speeds and one reverse. The final drive 

















Fie. 9. THe Austin Farm TRACTOR; 


Tue Austin Moror Company, Lrp., BrrMtncHamM. 














Fie. 10. Bserine’s TRENcH DiaGER FoR AGRICULTURAL DRAINS. 


four-cylinder vertical type, the cylinders being of 
4 in. bore and 5 in. stroke. The normal speed is 
1,000 r.p.m. Thernio-syphon cooling and a water- 
filled air washer are fitted. The engine is arranged 
to start on petrol and run on paraffin, and there is 
an exhaust-heated vapouriser. The clutch is of the 
multiple disc type running in oil, and the gear-box, of 
the sliding type, gives three speeds forward and one 
reverse. A four-pinion bevel type differential is 
fitted, with a divided rear axle on motor-car lines. 
The tractor is not fitted with a brake, as it is not 
intended for road work. Low gear and engine 
control are used for short road travel such as may 
be required in connection withfarm work. The high 
gear gives a speed of 8 miles an hour. The tractor 
weighs 2,800: lb. As will be seen from Fig. 8, 
the tractor is fitted with a pulley which can be used 
for belt driving a threshing macliine or other similar 
farm work. The whole of the tractors at the show 


on to the two rear wheels is by means of pinions 
working on internal spur rings on the wheels. These 
gears work in dustproof cases. The engine has an 
enclosed governor running in oil and the radiator 
fan is gear driven, so that possible trouble owing 
to a slipping belt is avoided. The frame is built 
up of merchant sections, and a special point is made 
in the fact that the connections of the draw-bar 
for towing is made forward of the rear axle, tending 
to minimise any tendency for the front end to lift. 
The machine weighs 4,355 lb. 

The “‘ Saunderson”’ is a British tractor somewhat 
on the same lines as the one above, except that it 
has a two-cylinder engine. It was shown by the 
makers, the Saunderson Tractor and Implement 
Company, Limited, of Elstow Works, Bedford. 
There was, we think, but one other British machine 





at the show with a two-cylinder engine. The 
Saunderson engine has cylinders 54 in. bore by 8 in. 


stroke, and runs at 750 r.p.m. The frame is built 
up of rolled sections and the drive to the rear wheels 
is through the back axle. The gear gives three 
forward speeds and one reverse. This is a some- 
what heavier type of machine than those we have 
dealt with above. The 23-h.p. to 25-h.p. model 
weighs 5,600 lb., but a winding drum is fitted making 
it somewhat more of a general-purpose machine. 
A tractor of generally the same class, the ‘‘ Alldays ”’ 
was exhibited by Messrs. Alldays and Onions, 
Limited, of Matchless Works, Birmingham. This 
weighs 6,384 lb. It has three forward speeds and 
one reverse, and is fitted with a winding drum. 
Final transmission is by chain. Brakes are fitted 
for road haulage. 

An interesting American tractor, which goes by 
the name of the “ Wallis, Junior,’ was shown by 
the Ancona Motor Company, Limited, of 78-82, 
Brompton-road, London, 8.W. 3. This is of the 
three-wheeled type, driving on the two rear wheels, 
but its special feature lies in the construction of the 
mainframe. This is built up of plate in the form of 
a tube carrying the engine crankshaft and trans- 
mission gear inside. In a sense the construction 
is on the lines of the tractors illustrated in Figs. 
7 and 8, which we have already dealt with, but 
with the considerable difference that, as we have 
said, the main trunk is built up of plating and was 
not formed with castings. This tractor weighs 
3,000 lb., and it is claimed that it has a draw-bar pull 
equal to its weight. This is stated to be due to the 
great weight-saving following the use of the special 
frame. A four-cylinder, 4}-in. by 5}-in. engine, is 
fitted, running at 900 r.p.m. Another fairly light 
tractor, American built to British designs, is known 
as the “Garner.” It was exhibited by Messrs. 
Henry Garner, Limited, of Moseley Motor Works, 
Birmingham. This has a built-up frame, and four- 
cylinder, 4}-in. by 5}-in. engine running at from 
900 r.p.m. to 1,200 r.p.m. The rear wheels are on a 
floating axle and three forward speeds and reverse 
are given. It weighs 3,808 lb. 

The Austin Motor Company, Limited, of North- 
field, Birmingham, showed a new tractor, which we 
illustrate in Fig. 9, annexed. This tractor is of the 
trunk frame class to which we have referred above. 
A four-cylinder, 3}-in. by 5-in. engine is fitted, 
running at 1,200 r.p.m. It runs on paraffin with 
petrol starting. The clutch is of the Austin steel 
type with Ferodo segments, and the gear-box gives 
two forward speeds of 2} miles and 4} miles an hour 
and a reverse of 2 miles an hour. Final drive is 
through a differential on motor-car lines. The 
control arrangements consist of a throttle lever 
just below the steering wheel, a clutch pedal, gear- 
changing lever, which moves sideways, and two 
levers which apply brakes direct to the rear wheels. 
The tractive effort of the machine is taken through 
a yoke which brings the pull close to the point at 
which it is developed, and care has been taken to 
dispose the weight of the tractor so as to minimise 
danger ofrearing. These are points we have referred 
to in general terms above. The tractor weighs 
2,912 Ib. 

It is not possible for us to deal with the whole 
of the tractors which were shown, but before passing 
on to other matters we would like to say something 
of the machines which can be more directly described 
as motor ploughs and would also like to mention 
such of the endless track tractors as we have not 
yet dealt with. Motor ploughs—that is, machines 
in which the plough forms an integral part of the 
tractor and is not simply hitched on behind—were 
shown by Martin’s Cultivator Company; the 
Crawley Agrimotor Company, Limited, of Saffron 
Walden, Essex; British Empire Motors, Limited, 
of 4 to 6, Star-road, West Kensington, W. 14 (the 
Moline”); and Messrs. C. Santler and Co., 
Limited, of Malvernia Works, Malvern Link. 
Appliances of this type have the obvious advantage 
that in general the width of the headlands, left at 
the end of the field during ploughing, will be reduced, 
since the overall length of the ploughing eqvipment 
is less than with a tractor and an independent 
plough. A further point is that, speaking generally, 
the effect of travelling over the land, which is an 
essential feature of all tractor ploughing, is less 





with a motor plough than with an independent 
tractor. In most cases the total weight will be 
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less with a motor plough and there will be “ewer 
wheels travelling over the ground. The eff- ts of 
wheeled traffic will depend very much on the uature 
of the land and as the independent tractor is more 
convenient for general service, the relative 
advantages of the two types of machine will vary 
in different cases. 

Martin’s Cultivator Company’s motor plough we 
described in our last issue. It is an endless-track 
machine. The Crawley “ Agrimotor” is a three- 
furrow motor plough. The tractor portion has two 
driving wheels, and there is a steering wheel behind 
the plough. It has two forward speeds and reverse. 
The “ Moline-Universal” is a somewhat similar 
machine, but has two land wheels forward of the 
plough, one of which runs in the furrow. It has 
one forward speed and reverse and the final trans- 
mission is by internal spurs on the driving wheels 
in the manner we have already referred to. The 
“* Santler ” is quite a novel machine, and is fitted with 
ploughs both before and behind, so that when in 
work the machine is not required to turn round. 
The ploughs can be raised and lowered, and when 
working down a field the forward plough is raised 
and the one behind is working, but when the end of 
the field is reached the working plough is lifted and 
the other lowered, and the machine starts off in the 
other direction. The headlands are stated to be 
reduced to 3 ft. by this arrangement, and clearly 
considerable time should be saved. 

Endless track machines were shown by Martin’s 
Cultivator Company, Messrs. Clayton and Shuttle- 
worth, Messrs. H. G. Burford and Co., Ltd., of 16, 
Regent Street, London, S.W. 1 (The Cleveland), and 
Messrs. Blackstone and Co., Ltd., of Stamford. 
The two former of these we described last week, 
and the Martin machine we have again referred to 
immediately above. The Cleveland tractor is of 
American build. It is fitted with a four-cylinder 
33 in. by 54 in. engine and runs on paraffin, starting 
on petrol. One forward speed and one reverse are 
arranged for, the engine driving through a gear box 
to a differential and through jack shafts to the final 
transmission contained in the rear driving wheels. 
Steering is obtained by employing one or other of 
two band brakes which lock one or other of the two 
endless track creepers. The machine weighs 
2,912 lb. The Blackstone tractor is fitted with the 
firm’s air-blast type of paraffin engine, and carries 
an air bottle. It can be started cold on paraffin. 
The engine is of the three-cylinder type with cylin- 
ders 5 in. diameter by 6} in. stroke. The gear 
box gives two forward speeds but no reverse, 
reversing being performed by reversing the engine. 
Steering is obtained by controlling the differential 
and consequently the relative speeds of the two 
endless track chains. 

Leaving the question of tractors and turning to 
some of the more miscellaneous exhibits which were 
shown at Cardiff we may first mention an interesting 
potato planting machine called the Albion, which was 
on the stand of Messrs. Harrison, McGregor and Co., 
Ltd., of Albion Tron Works, Leigh, Lancashire. 
This appliance consists of a two-wheeled carriage, 
pulled by a horse. As it moves forward a drill is 
opened by a V-shaped spud which is carried below 
the carriage and in contact with the ground. Its 
vertical position can be adjusted to regulate the 
depth of drill. Immediately behind the spud 
an endless conveyor delivers the seed potatoes into 
the drill. At the point of delivery the conveyor 
buckets are moving vertically, but at the top of the 
carriage they take an horizontal course and are 
loaded by the operator from a tray placed im- 
mediately in front of her and behind the conveyor 
(the machine is one very suitable for use with girl 
labour). The drill is closed after the potatoes 
are in position by means of a couple of inclined 
rotating discs which sweep back the earth which 
has been Uisplaced by the spud. The girl feeding 
the conveyor has no other work to attend to, 
as the steering and driving of the planter is looked 
after by a second girl, or a boy, in charge of the horse. 
The girl feeding the conveyor is provided with a 
seat and travels with the machine. As the conveyor 
is gear driven from the main axle, variations in 
the speed of travel of the machine do not affect the 
distance apart at which the potatoes are planted. 

A novel machine or appliance for trench digging 





for laying agricultural drain-pipes was exhibited by 
Mr. H. Bjering, of the Alliance Trading Company, 
of Holland House, Bury Street, London, E.C.3. 
We illustrate this in Fig. 10, on page 13. It con- 
sists of a frame carrying a U-shaped cutting bit at 
its forward lower end. It is drawn by two horses, 
which walk one on either side of the trench which 
is being dug. The bit scoops up a continuous layer 
of soil which travels up a conveyor carried by the 
machine and driven by the single wheel which runs 
in the trench. At the top of the conveyor the soil 
is discharged on to a chute, which throws it off on 
to the ground clear of the trench. The depth of 
cut is regulated by an adjustable shoe in front of 
the machine, which can be clearly seen in the illus- 
tration. The driver stands on a small platform at 
the lower end of the conveyor, his weight assisting 
in maintaining the cut. The machine digs a trench 
7 in. wide, and will cut to a depth of about 4 ft. 
This depth is, of course, not made in one cut, a 
number having to be taken. The machine is steered 
by holding on to the upper bar shown in the figure. 
With two horses and two men the digger will cut 
300 yards to 400 yards per day about 4 ft. deep. 
A large model for four horses and three men will dig 
400 yards to 600 yards of trench 12 in. wide and 
4 ft. deep in the same time. 

Among other miscellaneous exhibits we should 
mention a man-power plough intended for use on 
small-holdings and for similar purposes. It con- 
sists of a small plough operated by a wire rope 
anchored at one end of a field. The rope is wound 
up on to a drum on the plough worked by a long 
handle through a ratchet gear. The appliance is 
simple, and should afford a more effective way of 
utilising man-power than is given by the ordinary 
spade. It was exhibited by Mote’s Man-Power 
Plough and Implement Company, of Poulton-le- 
Fylde, Lancashire. As this exhibit introduces the 
matter of wire ropes, we may say that a good display 
of their manufactures of this class was made b 
Messrs. William Cooke and Co., Limited, of Tinsley, 
Sheffield. Another Sheffield exhibit was that of 
Messrs. Hadfield’s, Limited, who showed a stone- 
breaking plant and a disc crusher in operation. As 
other examples of engineering matter we may 
mention a display of solid-drawn steel tubes by the 
British Mannesmann Tube Company, Limited, of 
Salisbury House, London Wall, E.C.2, and the 
Blackler mechanical hammer which has already been 
described and illustrated in our pages, and which 
was shown by Messrs. Blackler, Limited, of Staly- 
bridge. Injectors, semi-rotary pumps, &c., were 
exhibited by Messrs. W. H. Willcox and Co., Limited, 
of Southwark Street, London, S§.E.1. The Ironite 
Company, Limited, ot 11, Old Queen Street, West- 
minster, 8.W.1, showed their Ironite cement, while 
Messrs. Turner Bros. Asbestos Company, Limited, 
of Rochdale, made a good display with their asbestos 
building sheets and tiles. This material is very 
suitable for much agricultural work. 

There were a number of agricultural and traction 
engines exhibited, in addition to those dealt with in 
our previous article. From among these we may 
mention the internal-combustion cable-ploughing 
engine shown by Messrs. Walsh and Clark, Limited, 
of Guisley, Leeds, the steam tractors of Messrs. W. 
Tasker and Sons, Limited, of Andover, Hants, and 
the traction engine shown by Messrs. Charles 
Burrell and Sons, Limited, of Thetford, Norfolk. 
Steam tractors and ploughing engines were also ex- 
hibited by Messrs. J. and H. McLaren, Limited, of 
Midland Engine Works, Leeds, and a traction engine 
by Messrs. Wallis and Stevens, Limited, of Basing- 
stoke. Similar material was shown by Messrs. 
Ransomes, Sims and Jefferies, of Ipswich, while 
Messrs. Barford and Perkins, Limited, of Peter- 
borough, exhibited several of their well-known motor 
road rollers. Suction gas plants were represented 
by Messrs. Crossley Bros., Limited, of Openshaw, 
Manchester, and Messrs. Fielding and Platt, of 
Gloucester. On the stand of this latter firm Messrs. 
Stothert and Pitt, of Bath, exhibited a new form 
of rotary pump known as the Feuerheerd. We 
propose to deal with this pump in detail in a later 
issue. 

Oil engines, mostly of small size, were exhibited 
by a large number of firms. Prominent among 
these we may mention Messrs. Petters, Limited, of 


Yeovil, who showed their semi-Diesel type and also 
their direct reversing marine type. Small petrol 
and paraffin engines were on view on the stands of 
The Bristol Carriage and Wagon Company, Limited, 
of Bristol ; the Garrard Engineering and Manufac- 
turing Company, Limited, of 17, Grafton Street, 
London, W.1; the Hamworth Engineering Com- 
pany. Limited, of Poole, Dorset ; the Keighley Gas 
and Oil Engine Company, Limited, of Keighley ; 
the National Gas Engine Company, Limited, of 
Ashton-under-Lyne; the Fairbanks Company, of 
15, Mallow Street, Old Street, London, E.C.1: and 
Messrs. Fairbanks, Morse and Co., Limited, of 87, 
Southwark Street, London, 8.E.1. Petrol engines 
coupled to pumps and an example of the well-known 
* Lister Bruston”’ electric lighting plant were ex- 
hibited by Messrs. R. A. Lister and Co., of Dursley, 
Gloucester ; while small electric generating sets of 
the type recently described in our columns were 
shown by Messrs. Arthur Lyon and Wrench, Limited, 
of Victoria Road, Willesden Junction, London, 
N.W.10. 

In conclusion, we should say that an excellent 
electrical exhibit, consisting of a house fitted 
throughout with electrical appliances, was made by 
the Cardiff City Electricity Department, in conjunc- 
tion with the South Wales Electric Power Company. 
We should also say, in connection with our notice 
of last week, that Messrs. Marshall, Sons and Co. 
point out that our Fig. 2 shows their 5-ton steam 
tractor and not their 7 n.h.p. traction engine as 
described. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—An easier texdency is manifest in 
iron and steel production. Stock-taking is almost 
general throughout the big works, and movement is 
restricted to the minimum. In pig-iron and basic 
material ot all qualities and descriptions, values are still 
on the up-grade. Serious competition is threatened 


Y|from outside sources unless the inflation ot prices is 


checked. Practically the whole of the output of common 
irons is going away on contract account. The small 
tonnage available for open market disposal is readily 
sold at maximum values. Current consumption is nearly 
on a par with output. Export requirements are more 
numerous, but makers have little to offer, and few new 
——- are being followed up. Restriction of output, 
particularly of bars and other finished ircn, is a subject 
of widespread complaint among steel makers. Responsi- 
bility is cast upon the alleged diminution of effort among 
the workers at the mills and furnaces. While some 
allowance has to be made for temptation on the part 
of producers to maintain values at their current high 
level by a careful adjustment of supply, from judicious 
inquiry there appears no doubt that labour is adopting 
an easier attitude, particularly as regards heavier classes 
of work. A further advance is forecasted in South 
Yorkshire billets, now quoted as follows: Siemens acid, 
17l. 128. 6d.; Bessemer acid, 17/. 12s. 6d.; bard basic, 
151. 128. 6d. ; soft basic, 141. 12s. 6d. The heavy trades 
show several weak patches. Orders are wanted in the 
crucible and electric steel branches, which are working 
not more than an average of four daysa week. The total 
volume of business booked within the last few months 
compares not unfavourably with similar periods of 
we-war years, but as facilities for output have been 
argely extended, more work is wanted to secure constant 
activity. Stocks cf special steels remaining from war 
purchases are gradually disappearing. Until they are 
wiped off, new business is likely to continue restricted. 
Improved business with France and Sweden is anticipated 
following the removal of restrictions. Shipbuildeis’ and 
foreign railway requirements continue heavy. New 
bookings for tramway steel and manganese specialities 
are moderate. One of the most marked improvements 
which promises to become general is steel forgings 
aud castings for sntesmatile construction. Orders 
continue literally to pour in in the lighter trades. 
Several new extensions of plant have been planned to 
meet the heavy call tor files and wire. A United States 
firm is displaying a keen interest in cutlery-grinding 
machinery. 


South Yorkshire Coa! Trade.—Best steam hards are in 
strong request by all classes of home consumers. Railway 
companies are making special effo:ts to build up reserves. 
Cobbles, nuts and slacks all meet with a ready sale, 
particularly on contract account. Weakness is still 
manifest in regard tc small fuels, but this is strictly 
confined to intericr qualities. House coal continues a 
strong market. Orders for winter stocking p 
heve cone forward much moje freely within the past 
fortnight. Steel cokes are in fairly geod demand. An 
improvement is reported in blast furnace coke. Quota- 
tion.s:—Best branch handpicked, 27s. to 28s.; Barnsley 
best silkstone, 27s. Od. to 27s. 6d.; Derbyshire best 
brights, 25s. to 26s.; Derbyshire house coel, 22s. 6d, 
to 23s. 6d.; best large nuts, 22s. 6d. to 238. 6d.; small 
nute, 2ls. 6d. to 22s. 6d., Yorkshize hards, 22s. 6a. to 
238. 6d.; Derbyshire-hards, 21s. 9d. to 22s. 9d.; best 
slacks, 18s. to 19s. 6d.; seconds, 16s. to 18s.; smalls 





138. to 14s. 
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NOTES FROM THE NORTH. 
Guiascow, Wednesday. 
Scotch Steel Trade.—Little change of any moment 
falls to be recorded in the Seotch steel trade, and con- 
ditions are very similar to those of a week ago. With 
the signing of the Peace Treaty the atmosphere is now 
a bit clearer and the future may be looked forward to 
with a: little more confidence. The world’s markets 
will now be opened up for trade and there will soon be a 
much-needed -improvement in transport facilities. 
Before we can hope to extend our present small export 
trade there will require to be a vastly increased output, 
as the home consumer still seems able to absorb all that 
the mills can turn out. Especially is this the case with 
regard to ship plates, and producers are so well booked 
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Hematite Iron.—The announcement of 10s. advance 
in East Coast hematite, which brings rates to the highest 
figures ever recorded, has occasioned no surprise seeing 
that cost of production has increased so heavily. Buyers 
pe am apy nd the higher rates, and, in fact, 
demand shows no abatement. Nos. 1, 2 and 3 are now 
200s., and No. 1 is 202s. 6d. for home use ; whilst mixed 
Nos. are 205s., and No. 1 is 207s. 6d. for export. 


Coke.—Local demand for coke keeps on a substantial 
scale, and as the su ply continues more than ample, 
there is a good deal of usiness passing. Average blast- 
furnace quality is 39s. at the ovens, and low phosphorus 
sort 41s. 6d. at the ovens. 


Manufactured Iron and Steel.—There is no new feature 
of t in the manufactured iron and steel industries. 





up that early delivery cannot be promised, and in many 
cases orders are being accepted on the understanding 
that delivery may not be had for about a couple of 
months. A different state of affairs exists in the case 
of sections, and although a fair amount of business is 
going through there is really ak peer demand. Steel 
sheets, which have recently quite a good run, are 
not now in such great request, nevertheless there is still 
a fair amount of activity in this branch of trade as 
producers have freedom of action and are prepared to 
meet buyers. Galvanised sheets are still rather dull, but 
some si) of improvement are noticeable, and a turn 
for the better is very probable. 


Malleable Iron Trade.—A good, steady business is 
general in the malleable iron tradein the West of Scotland, 
and the local demand takes up most of the present output. 
Prices are high on account of the dearness of raw material 
and the heavy oncost charges. Order books are well 
filled and steady running is ensured for some time, but 
perhaps the greatest trouble at present is the reduced 
output due to the rearrangement of shifts consequent 
on the 48 hours’ week. This reflects upon deliveries 
and prompt parcels cannot therefore be offered big 
makers, 


Scotch Pig-Iron Trade.—There has been no falling-off 
in the demand for Scotch pig-iron during the past week, 
and hematite is being delivered to the steel makers as 
fast as it can be turned out. Foundry iron is also being 
absorbed very quickly by the home.consumers and little 
remains for shipment purpos*s. ices have still a 
strong tendency to advance even beyond their present 
excessively high figure. 

Scotch Shipbuilding.—The Scotch shipbuilding yards 
had quite a respectable output during the past month, 
when 44 vessels, a; gating 91,987 tons, were launched. 
In comparison with the output for May, when nearly all 
the new vessels were to order of the Government, the 
majority last month were for private owners. The follow- 


ing are the for the different districts for June, and 
also the totals for the half-year :— 
June. Six Months. 
The Clyde ... 37 83,907 144 264,806 
The Forth ... 3 4,900 17 23,361 
The Tay... 2 2,780 s 10,758 
The Dee... 2 400 28 5,187 
Totals 44 91,987 197 304,112 


The Clyde figures are interesting, and are not only nearly 
up to the large tonnage of April, when the totals were 
34 vessels of 85,774 tons, but make up the largest to’ 

for the month of June since the year 1906 (excluding the 
war period), when the output was 36 vessels of 124,544 
tons. Included in the total for last month are a number 
of vessels which should have been launched in Ma 
but which were delayed owing to the tug-boat men’s 
strike. Taking the figures for the two months the 
average is over 50,000 tons, which is very satisfactory. 
The returns for the six months of this year compare 
very favourably with those of 1914 and show that the 
Clyde is fast returning to its pre-war standard. During 
the month of June a number of new contracts were placed, 
but only some of these have been made public. The 
following are reported: Messrs. Ferguson Brothers 
Port Glasgow, 5 cargo steamers, and Messrs. Murdoch and 
Murray, Port Glasgow, 5 cargo steamers. The total 
tonnage of these 10 vessels will be about 42,000 tons. 


Scotch Coal Trade.—The Scotch coal trade is practically 
without change of any note. In some instances the 
supply is rather above the demand, and the wise buyer 
is managing to lay a trifle aside for future use. The 
export business is slightly better, but we do not yet seem 
within measurable distance of the days of the large 
shipping trade. Prices are firm, and with an upward 
tendency. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Cleveland pig-iron prices 
are unaltered, but as there is a feeling that they ma: 
rise @t an early date, sellers are very cautious in their 
dealings, and do not care to commit themselves ex- 
tensively. There is a little more No. 3 available for 
disposal, one or two furnaces having been working 
better lately, but erally the superior qualities of iron 
are still scarce. Vorge, mottled, and white descriptions, 
however, are comparatively quite plentiful, and are 
offered freely for practically any delivery. Export 
licences are still issued i , but they are somewhat 
less ‘difficult to obtain than have been. Several 
foreign buyers, however, who to deal in this market 
are now taking supplies from elsewhere. For home 
consumption, No. 3 g.m.b. and No. 4 foundry are 160s., 
No. 1 is 1648. and No. 4 forge 158s.; and export rates 
re 5s. above these quotations. 





Inquiries from abroad are still rather numerous and 
heavy, and home demand continues good. Labour 
troubles still hamper producers, but works are kept 
oing wonderfully well under the conditions prevailing. 
Rupert prices are not fixed, but they are understood to 
be rather higher than the following, which govern the 
home trade :—Common iron bars, 201. 10s.; mar 
bars, 231.; strip iron, 21. 15s.; ship rivets, 271. 108; 
steel ship, bridge and tank plates, 171. 15s. ; steel angles, 
171. 58. ; steel joists, 171. ; steel hoops, 231. 58.; heavy 
steel rails, 16/.; galvanised sheets, 271. 10s. 


Foreign Ore.—The action of the Controller of Shipping 
whereby ore freight from Bilbao has been reduced, 
has given general satisfaction, and promises to assist 
materially expansion of trade with Spain. As much «as 
31s. had been paid Bilbao—Middlesbrough, but now 
steamers are being chartered at 29s. The change is due 
to British vessels being forbidden to come home light. 
Under the altered conditions best rubio may be quoted 
round about 58s. 6d. c.i.f. Tees. 


Shipments of Iron and Steel.—The shipments of iron 
and steel from the port of Middlesbrough for June, 
whilst small, were certainly better than generally looked 
for. They totalled 41,327 tons, of which 37,488 tons 
went to foreign rts and 3,839 tons to coastwise 
customers. The clearances consisted of 16,310 tons 
of pig-iron, of which 14,360 tons went foreign, and 
1,950 tons coastwise ; 2,172 tons of manufactured iron, 
of which 2,107 tons went foreign, and 65 tons coastwise ; 
and 22,845 tons of steel, of which 21,021 tons went 
foreign, and 1,824 tons coastwise. Italy was the largest 
importer of pig-iron, receiving 6,200 tons; gium 
being second with 4,120 tons, and Japan third with 
2,485 tons. The Cape took the largest quantity of 
manufactured iron—699 tons. India was by far the 
best customer for steel, importing 8,658 tons; whilst 
New South Wales took 2,635 tons; Japan, 1,775 tons ; 
Victoria, 1,459 tons; the Straits, 1,359 tons; and Natal, 
1,042 tons. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Local Markets.—Labour troubles have seriously 
interrupted business on the coal markets and dislocated 
the arrangements of operators. Arrivals and sailings at 
the Cardiff Bute Docks have been held up by a strike 
of dock gatemen, and at Barry a partial suspension has 
taken place because of a stoppage on the part of the 
riggers, dock pilots and boatmen in an effort to force 
the employers to grant them a 20 per cent. increase on 
their weekly earnings. It is also stated that the Coal 
Controller intends to reduce by 7,000,000 tons per 
annum the export of coals from South Wales. It is 
also stated that the railways are unable to deal efficiently 
with the transport of more coal than they are now 
handling for inland purposes, and a scheme has been 
devised to become operative after Jul 
greater quantity of coal will be convey 
Channel and other coal-exporting centres to 
home ports for inland distribution. The trouble at the 
docks has resulted in a number of stoppages in the 
coalfield through lack of —. wagons. The strike 
of dock gatemen at Cardiff en last night, consequent 
upon a conference between the Railway Executive, 
dock owners and representatives of the men, but the 
Barry stoppage continues. Despite the interference in 
the shipment of coal collieries still demand round 55s. 
for large coals for allied destinations and from 40s. to 45s. 
for small steams, as they anticipate a heavy demand 
immediately the labour troubles are dis of. The 
inquiry from neutral countries is restricted, but this 
has little influence as the requirements of the Allies are 
more than sufficient to absorb available supplies. 
Collieries have been instructed to accept such delivery 
of pit-wood as the South Wales Pitwood Allocation 
Committee may from time to time determine, until each 
colliery shall have accumulated a stock equal to at least 
eight weeks’ normal consumption; further, that 
additional stocking ground shall, if necessary, be taken 
up for such purpose. 

Ni .—There is an active demand for Mon- 


from the Bristol 


ewport N 
'Y | mouthshire coals, and prices are firm on the basis of 


55s. for large Black Vein, Western Valley, Eastern Valley 
descripti and from 37s. 6d. to 43s. 6d. for smalls, 
according to quality. 

Miners’ 7-Houre Day.—In regard to the revision of 

iece-work rates in connection with the shorter working 

y which will become operative from wy e 16, there 
was failure to agree at a meeting of the Welsh Coal 
Board held at Cardiff yesterday. The Coal Controller 
= @ maximum increase of 10 per cent., and the 
w *s representatives demanded an increase of 15 


cent., in order to entble piece workers to maintain 
their earnings at the level which obtained when working 
hours were eight 
conference next wee 


r day. The miners will hold a 
to consider the position. 
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NOTICES OF MEETINGS. 
Tue Royat Iystrrvrion.—Monday, July 7, General 
Meeting, at 5 p.m. 


Tue Norts-East Coast Institution or ENGINEERS 
AND SHIPBUILDERS.—Victory Meeting, Newcastle-upon- 





Tyne, July 8, 9, 10 and 11 :—Tuesday, July 8: 7 p.m. 
for 7.30 p.m., Banquet in the King’s Hall, Armstrong 
College, Newcastle-upon-Tyne. Wednesday, July 9, 


10 a.m., Commemoration Service in the Cathedral Church 
of St. Nicholas, Newcastle-upon-Tyne, for members of 
the Institution who have f in the war. 11 a.m,, 
cars agen in the King’s Hall, Armstrong College, 
e-upon-Tyne; presentation of the Rencome 
Fellowship of the Institution to the Honourable Lady 
Parsons; Monsieur le Maréchal Foch, O.M.; Admiral 
of the Fleet, Sir David Beatty, G.C.B., O.M., G.C.V.O., 
D.8.0. ; Field-Marshal Sir Douglas Haig, K.T., G.C.B., 
0.M., G.C.V.Q., K.C.I.E.; The Right Hon. Lord Weir 
of Eastwood, P.C.; The Right Hon. Sir Joseph Paton 
Maclay, Bart., P.C. Reading and discussion of the 
following : (1) “Women’s Work in Engineering 
and Shipbuilding during the War,” by the Hon. Lad 
Parsons, Hon. Fellow ; (2) ‘“‘ A Short Record of the Work ~ 
of the Principal Industries of the North-East Coast 
during the War,” by Mr. A. H. J. Cochrane ; a special 
lap me ose “i niversity of Durham will be holden 
in the King’s , Armstiong College, for the purpose 
of conferring Honorary Degrees. Thureda > July 10, 
11 a.m., Reading and discussion (in the Literary and 
Philosophical Society’s Lecture Theatre): (1) “Some 
Developments in Aircraft Design and Application during 
the War,” by the Right Hon. Lord Weir, of Eastwood, 
P.C., Hon. Fellow; (2) a Lecture by Professor J. ©. 
McLennan, F.R.S8. 3 p.m., reading and discussion (in the 
noe and Philosophical Society’s Lecture Theatre) : 
(1) “* The Limits of Thermal Efficiency in Diesel and other 
Internal Combustion Engines.” by Sir Dugald Clerk, 
K.B.E., F.R.8. ; (2) “‘ Dazzling of Shi .”’ by Lieutenan 
Commander Norman Wilkinson, .N.V.R., O.B.E, 
8 p.m., Reception in the Laing Art Gallery by the Right 
Hon. the Lord Mayor of Newcastle-upon-Tyne 
(Councillor A. Munro Sutherland). Friday, July 11: 
ll a.m., reading and discussion (in the iterary and 
Philosophical Society’s Lecture Theatre): ‘ Ship- 
repairing during the War,”’ by Mr. M. C. James, vice- 
president, and Mr. Launcelot E. Smith, C.B.E., Member. 





INSTITUTION Or NavaAL ARCHITECTS’ SCHOLARSHIPS.— 
Two scholarships, of the value of 1501. per annum each, 
and tenable for three years, will be offered this summer, 
viz.: The Cammell Laird Scholarship in Naval Archi- 
tecture and the Parsons Schola:ship in Marine Engineer- 
ing. Candidates must be British apprentices in shipyard 
or marine engine works, between the ages of 19 and 25, 
Entries close on August 11. Full particulars from the 
Secretary, Institution of Naval Architects, 5, Adelphi 
Terrace, W.C. 2. 





Royat Agronavticat Socrery.—With the two-fold 
object of celebrating its jubilee, which was attained in 
1916, when celebrations of any kind were inadvisable, 
and of marking the fact that it has by command of His 
Majesty, been dignified by the prefix “‘ Royal,” the 
Royal Aeronautical Society decided to give a garden 
party for ite members and their friends. By permission 
of Mr. Handley Page the function was held at the Orickle- 
wood Aerodrome on Sunday afternoon last. The enter: 
tainment provided included exhibition flying and an 
eye of a number of Handley-Page machines, as 

as lectures, concerts, and an exhibition of aero- 
nautical instruments, &c., by the Technical 
Research Department of the Air Ministry. The 
works and shops of Messrs. Handley Page, Limited, in 


ied | which machines for bombing and commercial service 


be seen in stages of construction, were also 
thrown open for inspection. The gathering was well 
attended, and was in ev way a complete success.’ 
The society, we may add, done much useful work 
during the war, and its growth has been proportional to 
that of the aeronautical industry, the membership now 
standing at considerably over 1,000. 





Leap Poisoningc AND WomeEN.—The susceptibility 
of women to certain forms of lead poisoning and the 
us effects w their children are dealt with in 

in 253 of the United States Department of Labour 
Statistics. Lead poisoning is fairly common in America, 
but before the war few women employed in the 
various lead industries. In England women are barred 
from lead works. Some German statistics tended to 
show that women were not more susceptible 
than men, but that the sufferers were in general a weakly, 
badly nourished type of women, not fit for hard work, 
who drifted into lead works, and that seems to be con- 
firmed to a certain extent in the United States. In the 
pottery industry more women suffer from lead poisoning 
A mms but the men —_ ss well-to-do trade 
unicn draw good pay, i women have no 
and are Bs Bory In the tile works of 

the Zanesville district, where men and women are of the 
same economic class, and badly nt. woren show a4 
ibility. l statistics seem to 

t lead poisoning takes peculiar 
renders them unfit to be mothers, 
not be allowed to have anything 


Sys See 
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of the symptoms 

the individual character of the susceptibility. 
“em oe f one man had worked for thirty-five 
in clouds of white lead dust—which should be 





impossible—and was still hale, while another man fell 
ill after two weeks, and was dead in five months. 
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ENGINEERING, Jury 4, 1919. 











TWELVE-CYLINDER AND EIGHT-CYLINDER HEAVy-O. 


CONSTRUCTED BY MESSRS, VICKERS LIMITED, ENGINEgRs, N! 


(For Description, see 
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PLATE L. 





AVY-OIL ENGINES FOR BRITISH SUBMARINE BOATS. 


HNEERS, NAVAL CONSTRUCTION WORKS, BARROW-IN-FURNESS. 
escriphon, see Page 8.) 
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WOMEN IN INDUSTRY. 


Tae Bill for the restoration of trade union 
privileges in industry will shortly come before one 





Sons, | Of the Grand Committees of the House of Commons. 


It is what is known as an “agreed measure,” 
although trade union leaders themselves recognise 
that it would not be to the national interests to 
revert to all pre-war conditions in’ the factory. 
When they agreed to forfeit many of their rules 
and practices in order to speed up the manufacture 
of munitions, they insisted on a promise that after 
the war the status quo ante bellum would be re- 
established by. Parliamentary enactment. The 
Government had no alternative than to introduce 
the Bill now before the House of Commons, but the 
been effected to augment output, 
are | there is established the fact, long since a matter of 
‘in. | dispute, that the “‘ca’canny” procedure restricted 
the volume of production available for export. 
Now, more than ever, it is imperative for the 
stabilising of national finafice that we should win 
back gold in return for exports, and trade union 
leaders must encourage the workers to meet -the 
country’s pressing need, especially as this must 
advance the prosperity and profit of the working 
classes themselves. The Bill will be opposed in the 


—=|interests of those women who have found their 


vocation in the factory, notably in engineering work, 
and it is opportune to consider the whole subject 
in | Of women in industry, and the extent to which 
their merit as producers and their wages relative 
to those of men conduce to their retention or 
displacement in the factory. 

Although, from the engineer’s point of view, 
the presence of women in industry is largely a new 
phenomenon, and raises new problems, there is 
really nothing new in the matter. Women have 
always been employed in industry, and in recent 
years have in some trades considerably exceeded 
in quantity the number of men. Textiles and 
clothing are instances. None the less, the largely 
increased percentage of female labour which has 
grown up during the war in trades which had 
generally come to be looked upon as man’s special 
field has introduced a social problem which cannot 
be ignored. This invasion of the workshop by 
women has, however, been less widespread than 
is perhaps sometimes supposed. The special 
case of munitions may well have given many 
engineers an exaggerated idea of the extent to which 
this invasion has taken place over the whole field. 
Acco to the Board of Trade there were in 
July, 1914, 2,178,600 women employed in industry 
proper in the United Kingdom as compared with 
6,301,000 men. These figures do not include 
domestic service, education, agriculture, employ- 
ment in hotels and other callings which are not 
generally described as industrial. In July, 1918, 
the corresponding figure for women had risen to 
2,970,600, an increase of 792,000. Of this latter 
figure 704,000 are considered to have directly 
replaced men. These figures refer to a period 
nearly twelve months ago, but give a good idea 
of the extent of the accession of women to the ranks 
of industry. The figures are probably lower than 
would generally be expected, and at first sight they 
give the idea that if the large numbers of women 
who were withdrawn from domestic service and 
the textile trades during the war are prepared to 
move back to their old occupations, then in no 
great while we should be able to settle quietly 





down to our pre-war condition. 





It is much to be feared, however, that matters 
will not themselves in any such simple way 
as by the voluntary return of the women to their 
old occupations. The complexity of the problem 
to be faced is somewhat obscured by a consideration 
of the figures for industry as a whole, since in some 
trades, of which clothing and textile manufacture 
are the chief examples, the number of women 
employed decreased during the war. The effect 
of this is that the figures for the whole of industry 
do not properly show the great turn-over of female 
labour which has taken place. The figures for 
the metal trades give a better idea of the extent 
of the problem. These figures cover all that can 
broadly be described as engineering. In these trades 
the number of women enpl in July, 1914, 
was 170,000, and in July, 1918, 594,000. The 
change which took place is best illustrated on a 
percentage’ basis. In 1914 females formed 9 per 
cent. of the total number of workpeople in these 
trades. In 1918 they formed 25 per cent. It 
is clear that 16 per cent. of the total number of 
employees in the engineering trades cannot be 
moved and placed in new positions in other trades 
in the course of a few weeks or months, and it is 
equally clear that the metal trades, swollen out 
of all proportion by the requirements of the war, 
cannot permanently absorb all these extra women, 
in addition to the men now returning, unless their 
scale of production i is going to be a different thing 
from what it was in the first half of 1914. 

The figure of 792,000 which has been given 
as the total accession of women to industry by no 
means represents the total movement of women 
into what have usually been considered mainly 
men’s occupations. Transport, for instance, 
absorbed 99,000 extra women, agriculture 38,000, 
commerce 429,000, and so on. It is not necessary 
to go into detail in this matter. All that is necessary 
is to show that the three-quarters of a million or 
so extra women in industry are not likely to find 
it a simple matter to move to some other occupa- 
tion. The only field in which there would appear 
to be vacancies for large numbers is domestic 
service, which lost 400,000 women during the war, 
and this, unfortunately, is an occupation which 
appears to have lost attraction. Considering the 
metal trades in the light of this position, it is of 
importance to speculate what is to be the fate of 
the 16 per cent. of extra workpeople of the female 
sex, and if any considerable proportion of them is 
likely to remain in the various trades they have 
entered. 

It was said that in July, 1914, 9 per cent. of the 
employees in the metal trades were women, It 
is of interest to consider what these women were 
doing. The report of the War Cabinet Committee 
on Women in Industry shows that women were before 
the war employed in wire-drawing, making chains, 
nails, screws, &c., on light castings, hardware 
tinned and ja goods, in cutlery, including 
pins and es. In the cycle and motor trades 
they constituted over half the workpeople engaged 
on light-milling, drilling, capstan operations, and 
hand press work. They were also em on 
making hack-saws and files, and on making buttons, 
hooks and eyes. In electrical engineering they 
were employed on the manufacture of electricity 
meters, dynamos, lamps, fittings and switches. 
They also worked on several components required 
in the manufacture of small arm ammunition. 
In connection with light casting they were mainly 
employed on core making and for many descriptions 
of hollow-ware and cast-iron goods on finishing 
processes, such as mounting, painting, polishing, 
blacking, &c. They were also engaged on turning, 
screwing and pointing bolts, and on facing and 
tapping nuts, but not on forging bolts and nuts, or 
machining nuts. 

It will be generally agreed that all this kind of 
thing is work which women have ‘proved them- 
selves very capable of doing. It is al) of a repetition 
nature and can only be classed as semi-skilled. 
If our output of wabdiesttnnl goods is to advance 
as it ought, there should in the future be a larger 
field than ever before for women in this class of work. 
An extension of the woman’s field in this direction 
depends on three things ; on the work being avail- 
able, on the attitude of the skilled men’s unions 
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and, on the. wages which the women expect. to 
receive. These three conditions represent questions 
of such difficulty and complexity that it is impossible 
to deal with them all here at the moment. It 
will be useful, however, to say something about 
the third, that is the future wage of the. semi- 
skilled women in industry. 

The report we have already mentioned concerns 
itself very largely with the question of the wages 
of women. It states that before the war the 
average wage of employed women was in the 
neighbourhood of 12s. a week. The independent 
averages of the most varied trades approached 
this figure very closely, and the figure was also 
approximated to by the average woman’s wage 
in both France and Germany. In the metal trades, 
with which we are most directly concerned, the 
average was 12s. 2d. At that time the average 
woman’s wage was somewhat less than one-half 
the average man’s wage. The report further 
estimates that towards the end of the war the 
average woman’s wages was nearer 35s, than 30s., 
and was rather more than two-thirds of the average 
man’s wage. The wages of women would thus appear 
to have advanced not only absolutely but relatively. 
It is very possible that in pre-war days the relation 
between the wages of men and women was unfair 
to the women, owing to the fact that they were 
practically without organisation, and itis pertinent 
to note that in the textile trades in which they are 
well organised, woman’s wages were nearer 15s. 
a week than 12s, Women’s wages throughout, 
in common with men’s wages, had shown a tendency 
to rise for many years before the war, but there 
is nothing to show that the sudden relative im- 
provement in the woman’s position as compared 
with the man’s could haye taken place in normal 
times, The present women’s level has largely 
been reached as a direct result of Government 
action, and as manufacturers have been reimbursed 
to cover losses they would have made as a conse- 
quence of the rises which have been continually 
given, they have been comparatively indifferent 
to the matter, If the women’s rate has, as a result 
of this. class of operation, reached a level which, 
as compared with a man’s rate is economically 
unsound, then that rate either cannot be main- 
tained, or if it is women will be discharged from 
industry to the maximum extent which it proves 
feasible to replace them with men. 

It is impossible directly to answer the question 
whether the services of the average woman in 
industry is worth two-thirds of the services of the 
average man; but it is interesting to note that the 
proportion of about one-half which operated in 
1914, and which had grown up naturally without 
outside interference, persisted over a very long 
period and in many countries. Speculation on 
the reason for this 50 per cent. wage is, however, 
bound to be of a somewhat academic nature and 
need not detain us here. What is more important 
is to consider if the present 66 per cent. represents 
a fair proportion under modern conditions, In 
other words is the average women in industry 
now overpaid, or underpaid, as compared with the 
average man. In view of the work which women 
have done during the war it is a somewhat un- 
gracious task to consider the deficiencies of women 
as compared with men from an industrial point 
of view, but no ultimate advantage can come either 
to industry, or to the women themselves, by failing 
to take note of the facts of the situation. In 
connection with the preparation of the report, 
already mentioned, a large amount of data was 
collected and a large number of employers were 
examined bearing on the question of the efficiency 
of their female employees from an _ industrial 
point of view, and throughout it was found 
that women were worse time-keepers than men. 
For. instance, a large firm reporting through the 
Engineering and National Employers’ Federation 
stated that women’s lost time was 7-1 per cent. 
as compared with 3-4 per cent. for men. The 
Tramways and Light Railways Association, and 
other bodies concerned with the same class of 
service, stated that one of the defects of the women 
was “unreliability in reporting for work.” In 
the case of the Post Office the difference between 
male and female wages was justified among other 
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reasons by the woman’s additional sick leave. 
Other quotations could be made, but it is un- 
necessary to multiply instances. 

There are, of course, physiological reasons for 
expecting that women would be worse time-keepers 
than men, and unquestionably in many cases 
domestic ties affecting women only, or mainly, 
also work in the same direction. In a sense these 
things may be “unfair” from a woman’s ‘point 
of view, but they exist and from an econoniic 
point of view must be allowed for. The effect 
of this inferior time-keeping is to decrease the 
value of women in industry, or relatively to increase 
the cost of employing them, which is the same thing. 

A further matter relatively increasing the cost of 
female labour from the employers’ point of view, 
is that it involves increased expenditure on super- 
vision and welfare, while in men’s factories the 
introduction of women involves the provision 
of separate cloak-room and other accommodation, 
with attendant charges. This latter item may be 
of importance in the engineering trades from many 
branches of which women were in the past entirely 
absent. Apart from questions of time-keeping, 
or extraneous charges, the matter of the employment 
of women is closely bound up with their relative 
industrial ability as compared with men, This 
naturally varies with the industry concerned and 
the type of work. In some of the textile trades 
women are practically equal to men, although in 
weaving—peculiarly a woman’s trade—the women 
usually make less money than the men because 
they cannot keep so many looms running. Con- 
cerning ourselves more particularly, however, 
with what is usually regarded as men’s work, it 
is found, again to quote the report, that on sheet- 
metal work women are better than men, on light 
repetition work they are equal, on aircraft wood- 
work they are equal, and on shells they are inferior, 
both in output and quality. No details are given, 
but we presume the sheet-metal work referred to is 
repetition work. It is further reported, however, 
that women are more costly than men on account 
of tuition, setting-up and extra scrap. One large 
firm estimates the extra cost at 30 per cent. 

We need not pursue this aspect of the subject 
further, but before passing on may mention, as 
of direct interest to engineers, that in transport 
women have apparently not proved very satis- 
factory. A much greater number of employees 
was necessary for the same work than when men 
were employed. Thus even in carriage cleaning 
nearly three-quarters as many again of women 
was required as of men. It was further found 
that in mixed gangs the men tended to fall to the 
same output as that of the women they were 
working with. On tramways and omnibuses 
women were reported to be slack in collecting fares, 
to have more “shorts,” to be less efficient than 
men in making up bills or reports, and to be less 
courteous to passengers. The operating manager 
of the London General Omnibus Company produced 
figures to show that the women conductors were 
costing the company more than half as much as 
their wages in loss of takings. We confess that 
this evidence, bearing on the employment of women, 
and of which we have quoted some samples, has 
come to us rather as a surprise. We would have 
expected a somewhat better report. As this 
evidence has come from the people who employ 
the women, however, and who clearly can have 
no interest in depreciating a°class of labour which 
they find satisfactory, it must be accepted. This 
being so, one is led to speculate on women’s position 
in industry in the future. Unless there is great 
labour shortage women will not continue to be em- 
ployed unless they are prepared to work for a wage 
which is economically sound as compared with 
the wages paid to men. Economic laws still operate 
in this country—although some of our present 
proceedings might lead one to suppose that they 
have been repealed—and women must be prepared 
to take the position which their ability and time- 
keeping dictates. 

We do not pretend to be able to sum up this 
matter quantitively and to say whether the average 
woman is, or is not, industrially worth two-thirds 
of the average man. The Committee, whose report 
we have referred to, find themselves in the same 





position. “They make no quantitive » redom- 
mendations. What they do recommend, in brief, | 
is that women should receive equal pay. for equal” 
work, in the sense that pay should be in proportion 
to. efficient. output. To this -recommendation 
no one can object, providing extra e involved" 
in employing women shall be debited against their 
output. To fix the scale of equal pay for equal work 
it is recommended that agreement shall be come..to < 
between employers and trades unions acting through 
Trade Boards or Joint Industrial Councils. .. This: 
scheme if it proved workable might do mueh,* 
but the subject is one of such complexity that only. 
long and wide economic experience can ultimately 
determine the relative industrial value of the man’ 
and the woman under the new conditions in which 
we now find ourselves. We do not overlook the 
fact that the men’s unions will be a very potent’ 
factor in any attempt to come to a working decision © 
on this matter, but that branch of the subject is one 
that we must leave to be dealt. with another time. 





WORKMANSHIP. 

Every practical man knows of more than one 
gradation in workmanship designed to be similar, 
although it is difficult to define the difference. It is 
acknowledged that fundamental differences exist, 
for example, between such ranges of work as agri- 
cultural implement and precision tool making, and ;,, 
yet there is a perfectly valid and understood dif-: 
ference. The methods and finish of the one.are 
farcical in the other, though each may be the best of 
its kind. Precision methods in the making of agri- 
cultural implements are quite as reprehensible as in 
the converse case. There is also well understood 
divergence between commercial methods, and that 
of the very best possible, irrespective of cost. 
Scientific exactitude of the most precise order’ 
to the smallest appreciable human-error is needed 
in some instances, and less than the best that 
human resource allows, or even the very finest: yet 
achieved is still inadequate to the requirements. 
Dismissing, however, workmanship with such marked 
characteristics easily realised by the least informed, 
there remain some considerations relative to work- 
manship worth discussion. 

During the war, work of great refinement 
was attempted by very diverse concerns whose 
peace activity differed relatively and absolutely. .. 
There were other instances where the refinement 
needed was less acute, but first rate workmanship 
imperative. Remarkable results were achieved in 
unlikely quarters, in others expectation seemed 
doomed to disappointment, and results on the 
identical work showed the widest divergence. The 
fact is that work can be correct to drawing, accurate 
to textual specification, within the limits fixed ; and 
still be inferior owing to want of that mechanical 
instinct and reliability which distinguish first-rate 
production. 

Faced with the need for explanation why com- 
parison is odious and trained judgment adverse, it 
is very difficult to define mechanical shortcoming and 
argue point by point even when the inferiority is 
evident. The difference can be appreciated if the 
two things lie side by side, but even so it needs 
discriminating intelligence; and where difference 
of opinion is marked, argument is rather useless to 
establish even a primé facie case. 

Turning elsewhere for illustration, there is the 
difference between the amateur and professional 
photographer to go no higher, in one sense both 
achieve the same result, in another they are worlds 
apart. The artistic analogy is rather useful; in 
matters of art generally the outward form and 
semblance is of less moment than the relative and 
considerable difference between master and pupil, 
between original and copy, between superb and 
second-rate. The distinction to the uninitiated 
is trivial, even if dimly apprehended ; but the well- 
informed critic has not arrived at his sense of form 
and ensemble, colour and craftsmanship, without 
long training and natural ability. 

Mechanism and art are traditionally supposed 
to exist at the opposite ends of a very wide range 
of human activity, yet all craftsmanship is art, and 
mechanical art is no exception for all the superior 
air of the artist as more generally understood. 
The fact that a piece of mechanism will function 
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does not make it even tolerably good. Precision 
as such does not mark the difference, for work may 
lack exactitude due to its eventual utility; any 
refinement may be absent, and still the job be 
workmanlike and fitting. 

It takes the craftsman to appreciate, exactly as it 
takes the art critic to appraise in another connection 
and for exactly similar reasons. Cultivated sense 
and true discrimination, are difficult to explain, 
it would be vain perhaps to give logical reasons 
therefor; yet, hard as they are to express, they 
are none the less real and valid. The interlocutor 
may be dense; life may be too short to educate 
him, or time be insufficient to give him vision, and 
after all it might conceivably only lead to his 
confusion. Those whose business brings them into 
direct contact with numerous works have some 
inkling as to the causes which underlie difference— 
for there are reasons, some easy to diagnose, some 
more intangible—leading to comparative results 
commendable or deplorable in connection with 
mechanism. 

It is certain that in a former generation with 
more limited resources, under conditions vastly 
more crude, work of superlative merit was produced. 
It is equally certain that much work of to-day is in 
all respects superior to past practice, due to the 
development of modern resources. The matter is 
not altogether one of method, the work done 
under modern productive methods, sectionalised 
and specialised, does differ greatly in results. Com- 
parison in ordinary times is less easy because pro- 
duct differs, but war production, by reason of 
its widespread and identical character, did allow 
direct comparison with rather startling effects. 
It is curious, but true, that in almost every line, 
one maker’s job is superior; due, it may be, to care 
in detail, more exacting’ supervision, better local 
labour tradition, or, perhaps, more nearly to the 
personal direction, superior organisation and staff 
which give the internal goodwill and reputation 
reflected by reliability and beauty of product. 

Another matter perhaps less realised, is that in 
mechanism as in art the common atmosphere con- 
tributes greatly. The perfection to which the 
modern automobile has arrived is largely due to 
severe competition and a very discriminating 
clientele. From this intensive evolution the aeroplane 
became practicable. The general interest taken in the 
motor car, the large number of firms continuously 
striving after distinction, and the very general 
publicity, have all had their share in its present 
phase of development. 

Good craftsmanship has a vast industrial and 
national value. Without an atmosphere of apprecia- 
tion even the roughest job tends to get rougher 
and competitive power is lessened in direct ratio. 
It is largely because of the more general appreciation 
of mechanical art that it now holds the proud 
position as the premier activity of the age. Not 
merely did Watt start an industrial revolution, he 
began a renaissance of mechanism. The quality of 
workmanship is not strained, even superficial finish 
does not deceive. The nearly extinct trade of brass 
finishing condemned itself by its very name, it 
combined high polish and inferior workmanship ; 
to-day, insistence is less on mere polish and more 
upon utility. 

Doubtless the educative influences of war con- 
ditions have in certain directions raised the standard 
of appreciation ; just as in others war production has 
had its pernicious effects in the matter of work- 
manship for acceptance under the duress of circum- 
stance is likely to become refusal where need is less 
pressing. Possibly the greatest influence toward 
superiority of product is a continuous attempt to 
achieve it owing to the co-operative effort of all 
hands along right lines. Certainly this cultivation 
which is within the compass of every unit in mecha- 
nical production does bring its due reward. It need 
not involve exhorbitant cost, indeed production 
may be cheapened ; up to a point repetition, by its 
need for detail appreciation, tends to raise quality 
even if at the same time it allows a certain inatten- 
tion having an effect later on. 

There was a time when legitimate pride was 
evident in the very attitude of every mechanic worth 
the name, and although handicraft is out of date, 
the preservation of its spirit is important. It is, 


moreover very evident, that cutting price and 
quality simultaneously is suicidal, it forfeits repu- 
tation, and initial expenditure is only one factor, 
and may conceivably be the least operative in selec- 
tion. It is true primitive handicraft has passed 
beyond recall, but the need for fine workmanship, 
good design, fitting finish, and first-class product, is 
still great. Workmanship was benefited in many 
ways when it ceased to depend upon muscle, and 
especially in mechanical connections enlisted more 
and more the aid of the machine. For all that, 
unless the spirit of craftmanship survives, mechanical 
art is doomed ; bound in chains to simple economics, 
it will be cheapened out of knowledge in ill-informed 
hands. Especially is attention to workmanship 
worth while in Great Britain, for her past industrial 
supremacy has been achieved upon superiority of 
product which is not of necessity éxpensive in a 
relative sense. 

Complex organisation is apt to overlook appre- 
ciation and the need for standards of workmanship, 
although at the same time it affords unique oppor- 
tunities for the cultivation of the necessary spirit. 
Direction blames its productive human material, 
which in turn blames direction, and often the only 
real critic to be found is a disconsolate foreman 
bred under different conditions who laments the 
present without suggesting a remedy. The tone 
of a shop and the spirit which animates it are the 
result of mutual interaction, and appreciation of good 
work costs so little and is so powerful an incentive 
that its neglect is the more unpardonable. 

Perchance the real issue was never more exactly 
expressed than in a phrase, famous enough itself, 
used in a connection quite apart from industrialism, 
‘“* The little less and how much it is, the little more 
and what worlds away.” 





THE LATE LORD RAYLEIGH, P.C., 
O.M., F.R.S. 

WuEN Lord Kelvin passed away in 1907, Lord 
Rayleigh indisputably became the doyen of British 
physical science and a leader in physical science 
generally. Possessing little of the enthusiasm of 
Kelvin, Rayleigh was regarded as the impartial, 
cautious, critical guide whose experimental accu- 
racy was undoubted, and upon whose judgment, not 
expressed until after mature examination, one might 
safely rely as to theory and facts established. Both 
Kelvin and Rayleigh were professors of physics and 
natural philosophy, eminent alike in mathematical 
analysis and fertility of experimental research. Both 
enriched almost the whole domain of physics by their 
work. That Lord Rayleigh kept philosophical 
speculations out of his writings, may have been a 
question of temperament. If Kelvin had a pre- 
ference for electrical problems, Rayleigh had his 
in acoustics and optics. The technical and com- 
mercial development of his researches, so important 
to Kelvin, did not appeal to Rayleigh. Hardly 
because he was born heir to a Peer of the Realm 
and was himself a Peer when appointed professor 
of physics in Cambridge, nor because he underrated 
the value of applied science. The words in which 
Rayleigh, as President of the British Association in 
1884, referred to the “loss which mankind had 
suffered’ by the death of his predecessor of 1882, 
Sir William Siemens, and to the motto of Siemens, 
** Practice with science,” would sufficiently charac- 
terise his standpoint. That presidential address, 
in which he reviewed the progress of physical science, 
could not be called brilliant, and brilliancy never 
marked his numerous contributions to science, 
fortunately. Though closely related to two British 
Prime Ministers and a Privy Councillor since 1905, 
Lord Rayleigh did not take any active part in public 
affairs. Thus the popular press scarcely knew the 
man or the scientist, in spite of his numerous papers 
and the excellent lectures delivered at the Royal 
Institution, with which he was connected for many 
years. His authority among scientists stood all 


the higher. 

John William Strutt, third Baron Rayleigh, was 
born on November 12, 1842, at Langford Green, 
Essex, as eldest son of the second Baron, whose title 
he inherited in 1873, and of Clara, daughter of 
Captain Vicars, R.E.; the Barony was created in 
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the coronation year of George IV, 1821. 








educated at Trinity College, Cambridge, was senior 
wrangler and Smith prizeman of 1865, and was 
elected to the Ward fellowship of his College in 1866. 
Having been a Fellow of the Royal Society since 
1873, he succeeded his former tutor, Clerk Maxwell, 
as Cavendish professor of experimental physics, 
resigning in 1884, A casual remark which he made 
later during a discussion on the teaching of science 
may perhaps be quoted: “ Professorships would be 
nice, if it were not for the students.” The appoint- 
ment which he afterwards held, in succession to 
Tyndall, from 1887 to 1905, as professor of natural 
philosophy so the Royal Institution, left him 
more leisure for research of his own choice. The 
other offices he filled, namely, Secretary of the 
Royal Society 1887 to 1896, Scientific Adviser 
to Trinity House since 1896, and Lord Lieutenant 
of Essex, 1892 to 1901, were of a different kind. 
He was also President of the Royal Society, follow- 
ing Huggins and Kelvin, from 1905 to 1908, when 
he was elected Chancellor of Cambridge Univer- 
sity in succession to the Duke of Devonshire. He 
was also one of the original Knights of the Order 
of Merit. The’ Nobel prize was awarded to him 
in 1904. He held the Copley Medal, was a Knight 
of the Prussian Order Pour le Mérite and of the 
Légion d’Honneur, and, as already mentioned, was 
made a member of the Privy Council in 1905. He 
presided, in 1908, over the International Conferenve 
on Electrical Units and Standards,* not infrequently 
intervening to guide the involved and protracted. 
discussions. His presidency had been a matter of 
course, and it followed naturally that he was asked 
to become chairman of the committee charged with 
experiments on the Weston normal cell, and with 
paving the way for the establishment of an Inter- 
national Commission on Electric Standards. Lord 
Rayleigh resided at Terling Place, Witham, Essex, 
and did much of his work there in his laboratory. 
He married first Evelyn, daughter of Mr. James M. 
Balfour, of Whittinghame, and sister of Mr. A. J. 
Balfour, and then Blanche, daughter of the Marquis 
of Salisbury. 

A writer of papers rather than of books, Rayleigh 
practically left only one book, his *‘ Theory of 
Sound,” two volumes each of about 500 pages; 
which saw two editions in 1877 and 1894. He also 
edited, with corrections and additions, in 1870 and 
1894, Maxwell’s ‘“‘ Theory of Heat,” and was joint 
author with Sir W. Ramsay of a book on “ Argon.” 
His other big publication, the five volumes of 
“ Scientific Papers,” is what it professes to be, a 
collection of his reprinted papers, chronologically 
arranged, mostly without any alterations or com- 
ments. The first volume of 1899, covering the 
period 1869 to 1883, appeared without prefave ; 
the second volume opened with a brief preface ; the 
fourth, of 1905, bringing the papers up to 1901, 
contains an index of names and a classification of 
subjects ; the fifth volume of 1912, deals in articles 
273 to 349—a few articles comprise more than one 
paper—with the period 1902-10. As the treatment 
is mostly mathematical and the significance ofa 
conclusion is indicated rather than dwelt upon, 
the classification just mentioned into mathematics, 
general mechanics, elastic solids, capillarity, hydro- 
dynamics, sound, thermodynamics, properties of 
gases, &c., does not greatly facilitate the search 
for a particular investigation ; analogies between 
optics and sound may be found under almost any 
heading. This collection of “Scientific Papers” 
by no means exhausts Rayleigh’s contributions to 
science. He continued to present many papers to 
the Royal Society or to contribute them to The 
Philosophical Magazine, which has published most 
of his papers; in his early years he had been a 
frequent contributor to other learned societies and 
journals, rarely, however, to foreign publications, 
though he paid close attention to science progress 
abroad. Though he generally used the simplest 
apparatus, largely of his own construction, the 
almost orthodox belief in the extreme accuracy of his 
experimental determinations was by no means 
confined to this country. 

In his preface to the “Theory of Sound,” the 
first complete English work on the subject, Rayleigh 
pointed out that this theory to a great extent 
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covered the theory of wave-motion, and one might 
say that he approached most of his problems from 
that standpoint. The phenomena of vibrating bars, 
plates and membranes, of the motion of fluids and 
gases, of sound, liyht and electricity, all come under 
this heading, and it is for that reason, that the 
classification to which we referred could not but be 
difficult. A paper on the diffraction of light may 
concern acoustics as much almost as the title 
subject. Thermal phenomena interested him chiefly 
from the radiation standpoint, and we remember 
only one paper of his on heat conduction (1911). 
He was always resuming former studies. Going 
back in 1906 to his investigations in 1873 of mem- 
branes and gases in his study of the vibrations by 
collisions of elastic solids and the impact of 
elongated bodies and spheres after St. Vénant, Voigt 
and Hertz, he points out that Hertz’s theory of 
collisions has a much wider application than 
assumed, and he especially deals with the tendency 
of waves to alter their form and the problem 6f the 
pressure which gases enact on the piston of the 
confining cylinder, the virtual theorem of Clausius. 
In discussing, in 1916, the discharge of gases through 
nozzles into a vessel at lower pressure he suggeé 

an apparatus for testing whether reduction of the 
pressure in the receiving vessel would really affect 
the rate of discharge. The pressure due to the 
collapse of gas bubbles, a problem of interest in 
connection with the cavitation behind propellers, 
he investigated in 1917. 

There are a great many papers on fluids and 
hydrodynamics, on vortices, tidal waves, bores, 
viscous fluids and the motion of solids through them, 
viscosity, capillary forces, &e. Vortices he studied 
also in connection with Mrs. Ayrton’s experiments 
on stationary waves. Later, in 1916, he showed 
that the phenomena are somewhat analogous to 
those of an elastic cylindrical rod under longitudinal 
compression, or of u cylinder of fluid disintegrating 
under the operation of capillary forces. His studies 
of the dynamics of a revolving fluid (1917) had a 
special bearing on cyclones and meteorological 
phenomena and were taken up by Sir Napier Shaw. 
A paper on periodic irratational waves on the surface 
of water may further be mentioned in this place. 
In the peculiar convection currents observed by 
Benard in 1900 in a thin liquid layer (1 mm. thick) 
floating on a uniformly-heated plate, he had 
previously detected periodicities of a second or two 
with alcohol, and periodicities of several minutes 
with heavy oils; the currents break up the layer 
into polygons. As regards capillary forces, Rayleigh 
calculated that a surface film of oil, 0-6 x 10—7 cm. 
in thickness would stop the peculiar movements, 
due to surface tension, of a piece of camphor floating 
on water. Inquiring into the stability of the Earth 
he concluded that the cohesional pressures in the 
interior of a drop of water would not be insignificant 
compared to the gravitation pressure “inside the 
Earth. 

That the formule for the propagation of sound 
strictly held only for infinitesimal waves, and that 
finite waves at high speeds would tend to become 
discontinuous had engaged the attention of several 
scientists. Resuming this research in 1910 with 
respect to the discontinuity (bore) in front of a 
flying bullet, Rayleigh observed that photographs 
showed a discontinuity layer of appreciable thickness 
instead of the theoretical microscopic layer, and he 
concluded that the changes in pressure, density and 
temperature occurred in two stages, there being 
an abrupt and a gradual change. He did not solve 
the problem, however, to which we referred in a 
recent article on fog signals and on the propagation 
of sound from sirens, and the velocity of propagation 
of sound in the atmosphere remains, in fact, only 
approximately known, whilst its determination for 
gases (in the laboratory) is exact. 

In the theory of Helmholtz resonators he modified 
the views of Helmholtz slightly. In his work on 
audition he also followed Helmholtz, pointing out 
that some of Helmholtz’s critics did not seem to be 
aware how fundamental their objections to certain 
features really were. The ear, Rayleigh found, 
could not hear a bird’s call of more than 10,000 
vibrations per second, whilst a tuning-fork responded 
to 20,000, and a flame to 50,000 vibrations. The 
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gressive air-wave, capable of impressing the ear, 


he estimated from tuning-fork experiments at 
6, 4-6, 4-6 x 10—® atmosphere for 256, 384, 511 
vibrations ; these values were larger and varied 
less with frequency than those M. Wien obtained 
by the telephone method. The minimum amplitude 
of displacement just audible sounds he estimated 
at 0-13 x 10-* om., that of whistle sounds of 
frequency 2,730 at 8 x 10-8 cm.; the minimum 
current recorded by a telephone was 8-3 x 10-7 
ampére, the corresponding amplitude of vibration 
being 6-8 x 10-8 cm. His audiphone consisted 
of a small battery, a microphone and a telephone 
circuit. As regards the perception of sound direction 
he considered that a man could distinguish right 
and left without moving his head, but that as to 
sounds from front or back he had no means of 
distinction, at any rate not for pure notes. In the 
case of high-pitch notes the intensities of the notes 
in the right and ieft ear would be different; that 
would not hold for waves several feet in length, 
however, and the ear seemed really to be guided not 
by the intensity, but by perceiving phase differences, 
judging the sound to come from the side on which 
the phase wasin adyance. Further papers on new 
views as to perception of sound and on the theory 
of the double resonator were published by him last 
winter. We have already referred to his fog-signal 
experiments. In some of these he made use of a 
tuning fork for opening and closing the ports of the 
siren, and he observed that this electrically-driven 
fork would continue to vibrate under the action of 
the wind alone, not, however, in the manner of a 
reed, but like an Atolean harp which vibrates in 
planes at right angles to the wind direction. Among 
other problems which engaged his attention was that 
of the whispering gallery in St. Paul’s ; sound waves, 
he concluded, had a tendency to cling to concave 
walls. 


Glancing through his optical papers we notice 


‘again many happy analogies, and that many of the 


problems, which are hotly contested at the present 
time, really go back a good many years. Thus he 
showed that white light is produced by irregular 
pulses, not by the superposition of regular trains 
of waves. The refracting prism impresses a wave- 
motion on the aperiodic disturbances for all types 
of disturbances which are slow compared with the 
period of natural molecular relaxation of the 
medium ; the waves produced might be illustrated 
by the minute waves which a small obstacle calls 


forth in a streaming fluid, or by the waves which are | P®P® 


set up, when a fishing line is drawn across still water. 
On the other hand, he demonstrated how to com- 
pound white light by the aid of a wooden batten, 
suspended from the roof of the Royal Institution 
theatre by four wires (attached to the four corners) 
and moved longitudinally by a spring; pendulums 
were suspended from the batten which recorded its 
own oscillations. The papers on aberration in a 
dispersive medium concern the distinction between 
wave velocity V and group velocity U; the two 
would be different in a dispersive medium. All 
terrestrial determinations, whether by toothed 
wheels or by mirrors, determine the U ; astronomical 
aberration was supposed to yield the V, but Ehren- 
fest questioned that, and Rayleigh (1911) agreed to 
a certain extent. The five aberrations of Seidel, 
Rayleigh deduced from Hamilton’s principle— 
neither of the two investigations having been known 
in the other’s country. As regards polarisation 
and reflection Fresnel’s law demands that there 
should be no reflection at all of light vibrating in 
the plane of incidence at the Brewsterian angle. 
Rayleigh found always traces of a remnant reflection 
(especially with diamond, which never shows 
complete polarisation), but could not explain 
certain peculiarities. The cleanest surfaces did not 
give the smallest reflection, as one would expect, 
but rather improved with age. Similarly the 
reflection did not totally vanish when glass was 
immersed in a liquid of the same refractive index. 
Fresnel’s theory of the grating assumed that a large 
wave-front remained of large area in spite of changes 
in phase and amplitude. Rayleigh proved that 
this is only true as long as the grating interval 
is small compared to the wave-length, when the 
recesses act like resonators. His own wave-length 
measurements were made with Haidinger rings 
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(as in the Fabry and Perot interferometers) due to 
interference between two absolutely parallel plates, 
not between surfaces of variable thickness (Newton 
rings). 

It is well known that his name is particularly 
associated with the problem of the blue light'of the 
sky. Light waves falling upon a mirror arc re- 
flected as such in a definite direction, and that 
holds in cases when the surface of the obstacle 
which the waves meet is small compared to the 
wave-length. Small obstacles scatter the light 
in all directions, and the wavelets generated differ 
from the incident rays. As early as 1871 Rayleigh 
showed that the light scattered was the more intense, 
the shorter the wave-lengths, and that blue light 
would be scattered more than red light, and he 
suggested that the sky appears blue because the 
finest dust particles of the upper atmosphere scatter 
chiefly blue light. Two years ago, it is interesting 
to add, Lord Rayleigh’s elder son, the Hon. R. J. 
Strutt, demonstrated that the air molecules could 
themselves act as scattering particles. Of most direct 
practical interest are Rayleigh’s researches on pin- 
hole photography; on definition and aperture— 
the definition suffers when the aperture is too small ; 
on inclined telescope lenses for obtaining different 
magnification in different directions ; and on varia- 
tion of photographic gradation, for instance, by 
superposing several positives. 

Radiation and radiant energy claimed much of 
his attention. He wrote a historical paper on radiant 
energy in 1889 and gave one of the three chief 
formule, though not the most widely accepted 
formula, for the relation between energy and wave- 
length on the continuous spectrum. The widening 
of the lines in spectra and its dependence on the 
motion of the molecules in the line of sight (accord- 
ing to Maxwell’s distribution law) and on their 
cohesions he had studied in 1887. Though he 
developed the theory of the equipartition of energy, 
coupled with the names of Maxwell and Boltzmann, 
he was from the first decidedly sceptic like Kelvin. 
Reverting to the subject in 1900 he pleaded for 
some escape from the destructive simplicity of the 
general conclusion, though it might involve repu- 
diation of some of Maxwell’s fundamental postu- 
lates. The study of radiative phenomena he left 
to others. When a paper by his son—who special- 
ises in this field—was discussed some years ago, 
he humorously declined to express any opinion, 
though he was “in a certain way responsible for the 
r.” His comments on J. J. Thomson’s con- 
stitution of the atom and upon the stability of 
certain groups of electrons (1906) were critical, and 
we are not aware that Rayleigh changed his stand- 
point. The positive charge, he pointed out, was 
assumed constrained, the negative electrons were 
to move freely; on that supposition he found 
difficulty in understanding both the radiations 
from the atom and the rotation of the electrons in 
rings, asking how the atom could have the definite- 
ness which the spectroscope demands. 

Much of Rayleigh’s electrical work was done on 
units and in connection with British Association 
Committees. He made an absolute determination 
of the ohm in 1881, together with A. Schuster ; 
he investigated the advantages and limitations 
of the condenser and electrometer methods, in- 
duction balances, the imperfections of galvanometers, 
and the electro-chemical equivalent of silver 
together with Mrs. H. Sedgwick, his sister-in-law ; 
the electrolytic cell of H shape is known as the 
Rayleigh cell. The phonic-wheel was discovered in- 
dependently by Paul la Cour (Copenhagen) and by 
Rayleigh, but not developed by the latter. More 
mathematical were his later researches on potential 
problems, the capacity of spheres and cylinders, on 
the electric vibrations of thin rods (Abraham), on 
self-induction in thin anchor rings—as to which his 
earlier calculations, questioned by M. Wien, were 
confirmed in 1912—and on the effects of junctions 
on the propagation of Hertzian waves and on the 
bending of electric waves; the last two papers 
concerned radio telegraphy. 

The exact determination of the density of many 
gases—not only of those of the atmosphere—and of 
their compressibility and atomic weight, led to the 
joint discovery, in 1894, by himself and Sir William 
Ramsay of argon, the one event which made his name 
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popular for a time. The oxidation of atmospheric 
nitrogen by the electric discharge he demonstrated 
to the Chemical Society in 1897, but again he did 
not follow this problem up. We should not forget 
to mention one of his early papers on the distillation 
of binary liquids. 

As an interesting exemplification of his experi- 
mental methods, we will refer to his notes on breath 
figures (1911). On a uniformly cleaned surface of 
glass or metal the breath condenses in drops of the 
form of small lenses, which meet the glass at an 
angle that can be deduced from the halo seen"when 
the glass is examined 
through a candle flame 
Aitken had noticed in 
1893 that, when he passed 
a blow-pipe jet over the 
glass and then breathed 
upon the glass, the track 
of the flame appeared as 
a dark line of a very 
fine film (not drops) of 
liquid. These marks 
lasted for weeks, Ray- 
leigh found, and could 
be silvered. In another 
familiar experiment of 
this type a pattern is 
drawn on glass with the 
finger (always greasy), 
and that pattern, though 
wiped off, reappears when 
breathed upon. Grease 
seems to play a part in 
both these experiments, 
Rayleigh suggested, and 
to penetrate into the 
glass surface, and would 
thus not be entirely re- 
moved by wiping. That 
consideration might also 
affect the above-noticed 
peculiarities of polarisa- 
tion and reflection, in 
which both grease and 
polishing powder have to 
be reckoned with. Our 
readers will remember 
Lord Rayleigh’s recent 
contributions to our own 
columns, a letter on 
“The Cutting and Chip- 
ping of Glass,”’* and an 
article on ‘‘ Forced Lubri- 
cation.” The theory of 
lubrication he discussed 
more fully soon after- 
wards.{ 

Very characteristic were 
also his remarks on the 
neglect of the principle of 
similitude (1915). Phy- 
sicists, he said, frequent- 
ly discover new laws 
which might easily have 
been predicted. Engi- 
neers make use of the 
principle, but obscure it 
by their notation. Ray- 
leigh especially referred 
in these remarks to the 
way in which gravity is 
treated. ‘‘ When a prob- 
lem depends essentially 
upon gravity, g makes 
no appearance ; but when gravity does not enter at 
all, g obtrudes itself conspicuously. Geometrical 
similarity presupposed, how does the strength of a 
bridge depend upon the linear dimensions and upon 
the force of gravity? In order to entail the same 
strain, the force of gravity must be inversely as the 
lineardimensions. Under a given gravity, the larger 
structure is the weaker.” Having referred to further 
exemplifications, Rayleigh emphasised two cautions : 
There is no prospect of determining a numerical 
coefficient from the principle of similarity alone (that 








* Encinggrine, February 22, 1917, page 111. 
4 ee December 14 and 28, 1917, pages 617 
a) . 
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requires further calculation or experiment), and all 
the quantities on which the result might reasonably 
be supposed to depend have clearly to be defined 
as a preliminary step, though one or more may 
subsequently be dropped. 

These quotations will also indicate that Rayleigh’s 
mathematical mode of expression did not facilitate 
easy reading. Sometimes he might have made his 
papers clearer by adding diagrams. One regrets 
also that he hesitated apparently to draw inferences, 
and that he did not give to scientists more general 
critical surveys. For throughout his long period of 
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activity, continued almost to the end, we see him 
revise and test theories, pointing out to rash 
theorists what their novel suggestions really imply, 
correcting accepted or controversial data, and filling 
up gaps in almost every department of physics and 
physical chemistry. One of the latest problems 
which he was unable fully to elucidate last winter, 
though it is often believed to have fully been ex- 
plained, was the question why the colours of birds 
and other animals change with the direction of 
vision. In an age which has been amazingly pro- 
ductive in bold speculations and novel lines of 
research, too*prone possibly to build upon pebbles 
and to tear down what seemed to stand on firm rock, 
he remained the cool critic, competent carefully to 





weigh and test the evidence, and to decide, not who 
was right and who wrong, but what might be 
accepted as established or must be considered as 
uncertain. 

That was also his standpoint with respect to 
psychical problems and spiritualism. He always had 
the interest of the scientist in these questions, and 
he regretted the “‘ provoking attitude of people who 
might render assistance, who see nothing out of the 
way in the most marvellous occurrences, or attribute 
all these things to the devil.” He had sometimes 
pointed out that if they could keep the devil 
occupied in so compara- 
tively harmless a manner 
during the long hours 
of séances, they deserved 
well of their neighbours. 
We quote those words— 
not literally—from his 
presidential address to 
the Society of Psychical 
Research, delivered on 
April 11 last, a week 
after the death of Sir 


William Crookes, 
Lord Rayleigh took a 
great interest in his 


large farm and in his 
labourers, with whom he 


co- 

Rayleigh’s Dairies” are 
well known in London, 
as his cows are among 
cattle breeders. For 
years he was chairman 
of the Executive Board 
of the National Physical 
Laboratory, where he will 
sorely be missed, and he 
was constantly consulted, 
of course, during the war. 
Though he was most 
unassuming and not fond 
of formality, his digni- 
fied bearing could not 
but impress the stranger, 
and personal regard had 
a share in the universal 
veneration he enjoyed. 
He looked of a strong 
constitution and attained 
a ripe age, When he had 
declined renomination to 
the presidency of the 
Royal Society in 1908 and 
had started on a long 
journey to South Africa, 
alarming rumours as to 
his health reached this 
country. Those rumours 
were unfounded, fortu- 
nately. But illness came 
later, and an influenza 
attack last winter left 
him very weak. He died 
on June 30 in his home. 
Lady Rayleigh survives 
him. The title passes 
to his son mentioned 
above, who is Professor 
of Physics in the Im- 
perial College of Science, 
South Kensington. The 
younger son, Captain 
A. C. Strutt, R.N., took part in the battle of 
Jutland. The funeral of Lord Rayleigh is to take 
place at Terling this afternoon. 





Steet Worxs rm Norway.—The Anglo-Norwegian 
Trade Journal states that the Minister of Norwegian 
Industrial Supplies has announced that the Government 
pro to subsidise various new steel works and ro! 
rnills planned in Norway. Loans will be granted an 
premiums given on production. The latest project is 
steel works to be established at Eidfjord, Hardanger. 
A company, with a capital of several million kroners, 
has sec water power and sites for the works, and will 
use a new electric melting process which is said to be 
much cheaper than methods used hitherto. The water 
power secured amounts to 50,000 h.p., of which 10,000 h.p. 
will be utilised as a beginning. 
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NOTES. 
OpticaL GLuAss MANUFACTURE. 

Iw a paper on an “ Improved Method of Optical 
Glass Manufacture,” read before the American 
Ceramic Society at Pittsburgh last February, 
Mr. George W. “Morey, of the Spencer Lens Glass 
Plant, Hamburg, New York, described his “ 24- 
hour ” process, which is said practically to halve the 
time during which the pot is in the furnace and to 
yield an improved glass, unusually free from bubbles 
and striae. The chief feature of the process is that 
stirring is started at an early stage. According to 
Morey, the pot is, in the ordinary practice, preheated 
and then set (transferred to the furnace) and heated 
up to about 1,400 deg. C., to be filled with batch 
mixed with cullet in several instalments; the fill 
being complete, the pot is left undisturbed at high 
temperature for several hours, and stirring begins 
after the fining period ; the stirring is first by hand, 
and intermittent, for 15 minutes at the time every 
2 hours, and mainly intended to remove bubbles 
adhering to the pot side and bottom. Then follows 
machine stirring, with the fire shut off, until the pot 
is removed from the furnace, in which it stays for 
two or three days. When, as usually, the empty pot 
is preheated in a pot arch and finally cooled in 
subsidiary parts, a melting furnace will yield one 
pot of glass every two days; but the practice varies. 
Morey now commences to stir during the filling 
operation. The melting of the batch takes place 
from the top downward; the upper layer sinters 
together, the more easily fusible components trickle 
down, leaving the upper layers rich in silica and 
émpoverished in flux. The fluxes especially of lead 
compounds settle at the bottom as can be proved 
by plunging an iron rod into the pot and quickly 
withdrawing it. This settlement becomes noticeable 
during the hand-stirring when a dark layer is brought 
up. The melting is hence slow, the glass mixture is 
not homogeneous, and the bottom suffers from exces- 
sive attack. To remedy these defects, Morey begins 
with stirring as soon as the pot is a little more 
than half full and the rod can be floated, and he stirs 
after the addition of each new batch. In the case 
of a flint of density 1.617, ¢.g., run at 1,390 deg. 'C., 
fills were made at intervals of 2 hours, the first fill 
being about one-third of the total batch; the pot, 
26 in. high, 28 in. diameter, was heaped up with 
batch on each subsequent fill. The stirring was 
first by hand; after 10 hours the stirring machine 
was put on and run at a good speed, both in circular 
and vertical motion ; 6 hours later the glass seemed 
to be free from bubbles, the fire was turned off, and 
the melt was out of the pot in 24 hours. In another 
case hand-stirring commenced 4 hours after adding 
the cullet while filling the pot with batch, and the 
operation was repeated atter 54 hours and 7 hours ; 
after 74 hours the machine was turned on, and after 
15 hours the gas was cut off. The point is then that 
hand-stirring is resorted to during filling, and that 
machine-stirring follows until the bubbles have 
disappeared. Morey became aware in the course 
of his work that stirring during the filling operation 
had previously been tried ; when he communicated 
details ot his process to the Military Optical Glass 
Section of the War Industries Board, the Board 
passed the communication on to other glass manu- 
facturers. As Morey does not speak of any particular 
method of stirring, the novelty would appear to be 
restricted to the general change of practice. He 
mentioned in his paper that some 350 pots had been 
made by the shorter schedule, comprising all types 
of glass, flints, crown, baryta glasses, &c., and the 
24-hour process had in all cases given a better glass 
than before. 


TgstinG MBAsuRtING-G.UGE BLocgs. 

The Pratt and Whitney Company, of Hartford, 
Conn., U.S.A., are now manufacturing a series of 
extremely accurate gauge blocks by a process 
patented by Mr. W. E. Hoke, of St. Louis. These 
gauge blocks, which are made of a special steel 
alloy rendered glass hard by heat treatment, are 
about 1 in. square with a }-in. countersunk hole 
through the centre so that they can be conveniently 
stacked on a }-in. rod, and the thickness is claimed 
to be accurate within limits of three millionths of 
an inch. Most of them, it is stated, actually 
vary by less than one-millionth of an inch in flatness 





and parallelism of the two surfaces. Naturally no 
ordinary workshop method can be used for deter- 
mining errors of this order of magnitude. The 
method employed, however, is an extremely simple 
optical one suggested for the purpose by Mr. C. G. 
Peters, of the United States Bureau of Standards, 
and it is illustrated and described in a recent issue 
of The Iron Age. To check the flatness of one of 
the surfaces of the gauge block it is compared with 
that of a flat disc of optically worked glass by resting 
the glass disc on top of the gauge block and observing 
the interference bands formed by the light reflected 
from the two adjacent surfaces. If the surface of 
the gauge block is perfectly plane the bands will be 
uniformly straight and parallel, but if not, they will 
be curved and irregular. By noting the curvature 
of the bands it is possible to measure the amount 
by which the surface being tested deviates from a 
true plane in terms of the wave-length of the light 
used, which is usually the monochromatic light 
from a mercury-vapour lamp. To check the thick- 
ness of a block ‘and the parallelism of the two 
surfaces, the blork to be tested is placed on a disc 
of optically-worked glass together with another 
gauge block which is used as a standard. A second 
disc of glass is placed on top of the two gauge blocks, 
and if both are exactly equal in thickness the inter- 
ference bands formed will be exactly similar and 
continuous from one block to the other; otherwise 
the bands will be in different widths and run in 
different directions over the two blocks. The same 
optical method is used for measuring the minute 
errors in the very high-class surface plates produced 
by the Pratt and Whitney Company, and some idea 
of the accuracy obtainable may be formed from 
the consideration that the bending of a band by an 
amount equal to its width corresponds to a departure 
from flatness of one-half of the wave-length of the 
light employed. The wave-length of the green line 
of the mercury spectrum is 5,461 p » (= 0 -0000215 
in.) and, as curvature of the interference bands of 
one-tenth of the above-mentioned amount can be 
easily distinguished, errors of the order of one- 
millionth of an inch can be measured. 
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Magnetism and Electricity for Home Study. By H. E. 
Penrose. London: ‘The Wireless Press, Limited, 
1918. [Price 5s. net.) 


Tats book is designed, and apparently is well 
calculated, to attract and interest a large number 
of those who, having little or no acquaintance with 
the elementary principles underlying the founda- 
tions of electricity and magnetism, desire to under- 
stand how certain effects are produced and to be 
able to follow the reasoning from which practical 
results of the highest importance have been derived. 
When the object is so clearly useful, it is perhaps 
undesirable, or ungrateful, to inquire whether the 
method employed is always judicious or legitimate. 
In many electrical experiments it is possible to see 
only the results, and we are no more capable of 
explaining the cause or the precise machinery at 
work, than we are to account for the phenomena of 
gravity. To ascribe electro-magnetic causes to 
electronic action is justifiable, and we may accept 
observed facts, but the exact behaviour of the ether 
and the way in which it operates are uncertain 
factors, and the introduction of this agent to explain 
what is obscure is less satisfactory. But as the 
authors object is in the first place to attract the 
student, he thinks himself warranted in adopting a 
plan which may assist the non-mathematical mind 
over difficulties, and aid the grasping of facts which, 
presented in another guise, might prove repulsive. 
On that ground one would forgive the use of 
analogies, which are possibly impressive, though 
they may not beexact. But we doubt, for instance, 
the fitness or the utility of comparing the effects 
of a charged insulated sphere on an uncharged 
with the results of tidal action arising from the 
attraction of the sun and moon. 

A feature of the book, to which it is a great 
pleasure to draw attention, is the employment of 
simple and inexpensive apparatus to enable the 
reader to perform himself many instructive experi- 
ments. Very considerable ingenuity is exhibited 


in the choice of appliances, and if the instructions 
are carefully followed a successful result may be 
expected which should prove an effective stimulant 
to the student, who is fighting his way through 
difficulties without any specially designed apparatus 
at his command. Indeed, if he has constructed a 
home-made galvanometer or Wheatstone bridge 
for himself, he has made a noticeable advance over 
those who have used only the laboratory-provided 
instruments. 

It is probable that in the near future, when 
Government restrictions are removed, many ama- 
teurs will give attention to wireless telegraphy, and 
endeavour to provide themselves with apparatus 
that will at least serve as a receiving station. It 
would be quite easy to put together an arrangement 
that would serve this purpose, without compre- 
hending the problems involved or the principles 
underlying a successful installation. With the aid 
of the information provided here, however, the 
student should understand what he is doing and 
the reasons for the adoption of a particular design 
that will work. The author does not shirk the 
difficulties, though the explanation of such subjects 
as capacity and inductance is not particularly 
inviting from a popular point of view. The mention 
of such topics shows that the author penetrates 
far into his subject. The work is not by any means 
confined to the description of simple experiments 
with iron filings or pith balls, of which perhaps we 
have had more than sufficient. Opportunity is even 
found for saying something on the theory of dynamo 
electric machinery, and a general examination shows 
that the treatment of fundamental principles is 
thorough and illuminating. 





Aeronautics: Third Annual Report of the National 
Aded “a5 ° 


y C for Aeronautics. Washington : 
Government Pr nting Office, 1918. 


Tue report for the year’ 1917 of the American 
Advisory Committee on Aeronautics -contrasts 
in a remarkable way with corresponding contem- 
poraneous publications over here. The American 
report is a bulky volume with nearly 500 pages of 
text in additian to a large number of folding plates, 
whilst the last British report was a mere pamphlet 
of some 20 small pages, which merely recorded the 
character of the work on which the committee had 
been engaged without furnishing any detailed data 
as to results attained. It will be interesting to note 
whether the American authorities will, in their 
next volume follow our example, or whether, 
regardless of possible advantages to the enemy, 
they will continue their present policy of freely 
publishing results. The report is dated in December 
last and thus deals in part with a period prior to 
America’s entry into the war. One interesting 
point referred to in the introduction is that in the 
early part of the year the military and naval 
authorities complained of the prohibitive prices 
demanded by manufacturers. An inquiry showed 
that this was due to royalties, added by each firm 
in anticipation of infringement suits by owners of 
alleged basic patents, who were threatening the 
trade generally. To deal with the situation con- 
ferences were arranged between Government officials, 
patent owners and manufacturers, which resulted in 
the organisation of a Manufacturers’ Aircraft 
Association, with the object of removing the deadlock 
and restraint on trade by pooling patents and 
designs, which, wherever originating, are, it has 
been agreed, to be open to all members on payment 
of a small fee. It was feared at first that this 
agreement might be held illegal under the Anti- 
Trust Law, which has been put to many queer uses 
never contemplated by its authors, but the United 
States Attorney-General has held that the arrange- 
ment does not contravene the Act. 

One valuable report included in the present 
volume is devoted to meteorology, and has been 
prepared by Mr. W. R. Blair, formerly in charge of 
the Aerological Investigations, United States 
Weather Bureau, and now a major in the Signal 
Corps, U.S.R. An interesting incident described 
in this report is the reeling in of a kite during the 
onset of a thunderstorm. As the kite was being 
hauled down the wind changed suddenly and 
abruptly from E.S.E. to W.N.W. The observer 
states that the wind did not swing round, but 








simply reversed its direction. 








JuLy 4, 1919.-] 


ENGINEERING, 


23 








Another report deals with an experimental 
research on propellers conducted by Mr. W. M. 
Durand at the aerodynamic laboratory of the 
Leland Stanford Junior University. The wind 
channel here is of the Eiffel type and has a minimum 
diameter of 5} ft., which was considered large 
enough to allow of satisfactory tests being made 
with 3-ft. propellers. This size of propeller was 
selected in order to avoid too large a step in passing 
from the experimental results to the full-sized 
screws. Full details of the equipment are given 
in the report, as also of tests made with 48 models. 
Some of these models had aerofoil sections, being 
cambered on the driving face, but Mr. Durand 
reports that the ordinary screw section with a 
straight driving face proved markedly more efficient. 
This question of propeller efficiency is, however, an 
exceedingly complicated one. The actual problem 
is not to find the screw which under ideal con- 
ditions will show the highest efficiency, but given a 
certain horse-power and a certain R.P.M. to find the 
screw, which under these stated conditions will be 
most efficient. A valuable addition to this report is 
a@ memorandum on the law of kinematic similitude, 
which promises to prove of ever-increasing value as 
time goeson. As matters stand, it is now possible 
from experiments on pipe friction with water as 
a fluid, to deduce the resistance of the same pipe 
when used to supply, say, compressed air. 

Report No. 15 is a glossary of aerodynamic terms 
and will be welcome to many. Presumably slang 
terms, although in common use by pilots, are 
excluded, as we find no reference to the “ joy stick.” 
Translations of important foreign papers form an 
important feature in the report. One of these records 


investigations on the stresses in balloon fabrics, | 


made in Germany, by Haas and Dielzius. 

Questions of aeroplane stability dealt with both 
theoretically and experimentally are discussed in a 
report by Messrs. Klemin, Warner and Denkinger, 
of the Massachusetts Institute of Technology. The 
authors arrive at the conclusion that the angle 
between the tail and wings of an aeroplane should 
be much diminished. The tail, they find, con- 
tributes 82 per cent. of the total damping moment, 
which is more than was computed from theoretical 
considerations. 

The results of tests on the lift and drag coefficients 
of models of six different forms of aerofoil designed 
by the United States Aviation Section are set forth 
in an exhaustive report prepared by Messrs. E. 8. 
Gorrell and’ H. S. Martin. These designs were 
based upon forms developed either here or in France 
and: may be held to emboty the latest experience. 
The ‘difficulty in designing aerofoil forms is to 
combine good lift and drag coefficients with sufficient 
depth. to accommodate the wing spars. The models 

used were made of brass and finished with the 
greatest precision, the maximum error permitted 
in the upper surfaces being 1 mil., whilst for the 
under surfaces the tolerance was 2 mils. Full 
particulars of the methods of conducting the tests 
and of the results observed are given in the report. 
In order to facilitate comparisons between the 
British, French and American testing stations, it 
is suggested that standard brass aerofdils of the 
R.A.F. and Eiffel types should be procured. Tests 
of these standards made at the different stations 
would form a check on the accuracy of the wind 
tunnels and could be used for checking the relia- 
bility of the apparatus provided ‘just as standard 
weights are used for checking balances. 
' In another report experiments on complete model 
aeroplanes are described which have been made to 
determine the resultant forces on each component 
and the effects on lift, drag and stability. The 
gyroscopic: effect of the propeller is discussed in a 
report by Mr. A. F. Zahm, whilst Mr. E. B. Wilson 
contributes a report on the theory of an aeroplane 
encountering gusts. 

An interesting description of the plant installed 
for testing the performance of the “ Liberty” 
- engine is contributed by Mr. H. C. Dickinson. The 
engines under test are installed in a large chamber 
“Of ferro-concrete, the pressure inside of which can 
be varied at will. A large refrigerator is also 
provided, :so that the temperature inside the 
chamber is under control, and the conditions can be 
made to correspond very closely to those met with 





at high altitudes. Mr. Dickinson also contributes 
@ note on radiator design, describing observations 
made on radiators of different patterns exposed in 
wind channels where air velocities up to 90 miles an 
hour could be produced with the radiator in place. 
The experiments are still in progress, but certain 
tentative conclusions are formulated at the end of 
the report. Of these the most important is that the 
rate of heat transfer is directly proportional to the 
velocity of the air provided that the radiator tubes 


GAS CYLINDERS. 
To THE Epiror oF ENGINEERING. 

Simr,—I have read with much interest the article in 
your current issue dealing with the above subject, 
and knowing something of the present situation heartily 
endorse the views therein. 

Seamless cylinders of 100 cub. ft. capacity, made in 
accordance with trade regulations, which before the 
war cost l/. 10s. each at the present moment cost upwards 
of 4l. each. Advances in labour and material cannot be 
entirely responsible for this increase in price, which, if 
maintained, is likely to arrest al] development in the 





have a length more than eight times the diamet 
This rule was found to hold up to air velocities of 
60 m.p.h. The pressure required to force the air 
through the tubes was in nearly all cases pro- 
portional to some power of the velocity, but the 
index had a wide range from 1°5 to 2°5, depending 
on the construction. When properly designed 
“indirect ” cooling surface, é.e., metal not in direct 
contact with the water, appears, it is stated, to be 
good practice. 
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P d gas industry. I am told that cylinder trans- 
port conditions are also going from bad to worse, which 
means a slower turnover of cylinders, so that even to 
maintain normal plies, gas compr 3 are pelled 
to (nee new cylinders at the present inflated prices, 
and at a moment when, as you intimate, fresh legislation 
is threatened, which may render cylinders bought to-day 
an obsolete type to-morrow. 

For this hopeless muddle which is holding up an 
industry of prime importance to the country the Govern- 
ment alone has to be thanked. They first absorbed 
practically the whole output of cylinders during the war, 
and now, when they could advantageously release 
thousands of them at moderate prices, one hears of 
immense quantities of Government cylinders stacked 
in air and elsewhere throughout: the country, 
rapidly deteriorating though want of use. There would 
be cylinders enough and to spare for all immediate and 
future requirements if only the unemployed Government 
cylinders were released, but either because it is nobody's 
business to deal with this matter, or b some wild 
idea of direct Government trading is in contemplation, 
a good market is being lost and a promising industry 
checked through lack of cylinders. : 

In April last, having told that the Admiralty 
was prepared to sell cylinders, I wrote for particulars. 
After an interval of nearly four weeks, I received the 
following reply :— 

“ With reference to your letter of April 11, making inquiries 
for high-pressure storage cylinders, I have to inform you that 
no decision has yet been reached as to the disposal of these 
cylinders, but in the event of these being put up for sale, your 
desire to tender will not be lost sight of.”’ 

This official reluctance to di of cylinders is 
possibly explained by the following remarkable pro- 
duction received by friends of mine in this city, and no 








*| doubt by many others throughout the country. 


The my Ag! Munitions of War, 
Room , Whitehall Place, 
London, 8.W., 
March 8, 1919. 


DEAR Sigs, 
Re the Use of Hydrogen Gas in place of Carbide for Scrap Cutting. 


We have been approached by the Admiralty to ascertain 
whether it would be possible to use hydrogen gas supplied for 


scrap cutting in place of carbide as at present used, in order to 
Pp h n work going. Of course, during the war the 
Admiralty could use al) the supply of this for their own work, 


but now have only a lim 
stand that each blowpi 


consumption. 1am given to under- 
pe would consume up to 70 cub. ft, per 
hour depending on the thickness of the material being cut. 

I have permission to get in touch with the trade, and would 
like to know whether you would be prepared to give this h rogen 
dg To me it appears that it would save both time and 
abour, as this is cha into com cylinders, and there 
would therefore be no loss caused wastage, &c., as 
block carbide. If you consider this matter favourably, Is 
be glad to hear from you whether you would be willing to have a 
supply of this for trial use. If so, I will make ments 
acco y. If necessary, it will be possible to have an expert 
from the Admiralty to show the most economic way of using the 

ith oxygen. 
Yours faithfully, 


Section Director, B.D.1.A. 

We have here a clear trading proposition which speaks 
for itself. Hydrogen factories erected by the Govern- 
ment under conditions which, as you imply, might well 
be investigated, are to be maintained (and incidentally 
their stafis) by supplying their product to consumers 
in Government cylinders to be conveyed no doubt under 
conditions of precedence on National Railways! It is 
apparently assumed that carbide manufacturers, acety - 
lene engineers, and even the private hy producers 
—who have erected geome plant at their own 
expense during the war and have supplied more gas 
in that time to the Government than all the national 
hydrogen tactories put together, are to be washed out 
in the wave of patriotism, which this official proposal 
is expected to inspire. I i ine, however, that these 
mere laymen, although justly indignant with this official 
effusion, will be undisma: by the threat of official 
competition, for they will long ago have ascertained the 
relative merits of acet — in metal cutting 
and satisfied t ves, as I have, that where scrap 
metal is concerned, acetylene is in every respect far the 
better gas. 

Is it not time that all this official meddling and 
muddling was ?. As the Admiralty, on the 
admission of the letter I have quoted, has cylinders 
available for trading purposes, surely the right policy is 
to sell them without delay to the gas compressor, who 
will understand how to conduct his own business, 

Yours truly, 
' *Hyprocy..” 





To THe Epitor oF ENGINEERING. 

Sirm,—I have read with much interest the article on 
this subject in your issue of the 20th inst. There is no 
the remarkable immunity in the past from 
accident in the commercial filli and handling of 
cylinders containing gases under high pressure is mainly 
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due to the efforts put forward by the traders to “ play 
safe.” In fact, the result of the investigations by Royal 
Commission, to which you refer, was to practically 
confirm in every detail the precautions observed at that 
time by all paete dealers in highly-compressed 
The report of the committee was ultimately published 
in detail in Blue-book form as a “Summary of Recom- 
mendations.” 

It —. <n be borne Avs mind that at that time 
not only was the trade in hig! ——— ases more 
or less just emerging from its = ioe » but oun bnoulodes 
of the behaviour of various classes of steel now in use was 
also very incomplete. This would account for fixing 
the permissible carbon as low as 0-25 per cent. Though 
otherwise ignoring the effect of the presence of small 
quantities of other elements in the steel, such, for 
example, as manganese, the specification as adopted also 
limited the actual Fe present to a minimum of 99 per 
cent. It thus imposed a maximum limit on all impurities 
and alloys collectively, but without differentiation. 

There seems to be little doubt but that the existing 
“ Blue-book R dations ”’ as to the construction 
of gas cylinders are now somewhat out of date and 
require modernisi This can be done without in any 
way interfering with those who are at present legitimately 
engaged in the trade, and at the same time will afford 

dditional protection to the public. Precautions will 

still have to be taken to exclude from circulation the 
hybrid collection of special —— to which you refer 
and which were purchased by the Government under 
stress of war conditions, for special and particular 

plication during the war, under circumstances in which 
the risk of pe injury must necessarily to some 
extent give way to other considerations. 

It is more than probable that at the 














resent day the 
average amount of carbon present in the steel of the 
— trade gas cylinder is well below the acceptable 
limit of 0-25 per cent. The reason of this is not far to 
seek. From the point of view of the steel producer there 
is not much difficulty in manufacturing ingots containing 
an average of 0-25 per cent. carbon. Yet, if this is to 
be the rejection limit, the steel producer is not goin, 

to run the risk of having an appreciable proportion o 

his plates ‘‘scrapped”"’ on chemical ysis, due to 
variation in the composition of the steel in different 
parts of the ingot. On the other hand, he will produce 
a steel ingot in which at the position of maximum carbon 
the percen does not exceed 0-25. In the rest of the 
ingot the carbon will be below this and the composition 
of the plates will vary accordingly. 

From the manufacturers’ point of view, the presence; 
for example, of manganese in the steel, adds greatly to 
its ductility and consequently simplifies the drawing 
process. ‘There is thus a natural temptation to “go 
the limit” on manganese. With only the carbon and 
the iron limited there is the possibility of manganese being 
present to the extent of some 0-80 per cent. While 
such steel would fulfil all chemical and physical tests 
as now demanded, in the case of both plates and finished 
cylinders, it should be recollected that a high manganese 
steel is very uncertain, if not erratic, in its behaviour 
and consequently not best suited for making a com- 
pressed gas cylinder for high working pressures. 

If, therefore, it is proposed to increase the maximum 
permissible carbon from 0-25 cent., as at present, in 
order to raise the elastic limit of the steel—a suggestion 











DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal Markets.) 
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18 28 35 9N 317 023 27 

with <—* am heartily - Pe ype ) pany like (5923) APRIL JUNE 
to suggest that a maximum limit of, say, 0- t. 4 
be ol app ge at the amount of manganes Londen Metal Exchange ta ae rebum vephaek oe” tee foccign P and “ standard” motal oor. ~ 

rmissible. ion x as far as ve os ign’,” and “ 5 
Peso much for the chemical composition of the steel. | tively. The prices shown for lead are for English metal, whilst those for spelter are for American metal. 
There still remain the physical tests as applied to the | ‘The prices are per ton. The price of tin-plates is per|box of LC. cokes free on board at Welsh Each 
ay a eaniinds Wine phinteal teste ta tted vertical line in the di represents a mE ay © and the horizontal lines represent ll. each, except in the 
“ crushing ” test, but the present description of this test | 8 of the diagram to tin-plates, where j represent 1s. each. 
in the “ Summary of ommendations’ is most —— — == — ——— Ee eee = ————— — 
ambiguous, if not actually misleading. It could readily 


be made absolutely definite by specifying the contour 
of the rounded knife-edges to be employed, and the 
meaning of the term “ nearly flat." This latter might be 
expressed in terms of the thickness of the cylinder walls. 
In order to remove all possibility of misinterpretation 
I would suggest that the knife-edges be described as 
“of wedge-shape, converging at an angle of 55 deg., 
the point being rounded off with a radius of } in.” A 
definite interpretation mizht simultaneously be given 
with advantage to the term “ nearly flat,” by substituti 
the words ‘to a thickness of six times the thickness o 
the wall of the cylinder, the measurement being made 
between the outside surfaces of the cylinder walls. 

There is no doubt but that a general amendment to the 
existi “Summary of Reeommendations” along the 
lines I have indicated above would be acceptable to all 
concerned in the trade, as making for greater uniformity. 
At the same time the removal of existing ambiguities 
would tend to nullify the efforts of those who, for 
of their own and irrespective of all consideration of the 
public safety, are desirous of introducing what may be 
termed “‘ freak ” cylinders into the trade. i 

Yours er ; 
Ceom Licutroor, A.M.I.C.E. | 
9, Cornwall Mansions, Regent’s Park, 
June 26, 1919. 





ENGINEERING TRAINING FOR 
DEMOBILISED OFFICERS. 
To Tae Eprror oF ENGINEERING. 
Sm,—Some time ago it was brought to my notice 
that a well-known electrical i i firm in this 
country had formulated and have now put into practice 
a scheme, whereby a certain number of ex-officers were 
received and given a thorough training in their works, 
with a view to oventanliy “being appointed to those 


,|] owing to other conditions which have arisen. 





positions in the firm for which, during their training, 
they had shown themselves best fitted. \ 

The officers in question, during the period of their 
training were paid a substantial salary—applications, 
were even considered and accepted from men with no. 
previous engineering experience. i 

The scheme would appear to be an eminently sound 
one and worthy of a wider and more general application 
by other firms. 

The men thus trained would do their utmost for 
and stand by the firm that has given them a start ;! 
moreover, their ining can be specialised and given: 
on lines that are most likely to make them efficient 
and capable members of the . 

If any structural steel firm, municipal corporation 
or other bodies connected with civil engineering, have, 
under consideration such a scheme as the above, it 
would be most beneficial to many men like myself, who, 
having com their university training in 1914,) 
joined His Majesty’s Forces the same year. 

Such men find themselves unable to obtain a t 


‘| through lack of practical experience, and with their| 


theoretical knowledge somewhat rusty owing to nearly| 
five years army service. 
Financial conditions do not allow them to pay a’ 
premium and maintain themselves for one or two years! 
without earning any salary, a course which might have! 
been possible before the war, but cannot be followed now 
In these 
circumstances many of them are faced with the necessity | 
of abandoning the career they originally intended to 
follow in order to take up other work, which, while! 
offering a reasonable remuneration at present, does not) 
possess the ultimate p ts and scope for their, 
abilities that civil engi would have offered. , 
I am, Sir, your obedient servant, 

“B.Sc.” | 





THe Ranp Goxtp Ore ReEserves.—We read in The 
South African Mining and Engineering Journal that the 
Rand total payable ore reserves are estimated at 
89,905,000 tons, showing a decline of approximately 
6,000,000 tons compared with the estimates of a year 
ago. The journal adds that the Rand being at the 
caprice of the Government, the agitator and the 
“coloured gentleman,”’ it cannot venture predictions as 
to the ultimate dividend value of the reserves in question. 





PersonaL.—Messrs. John Shaw and Sons, Wolver- 
hampton, Limited, tool manufacturers and merchants, 
state that their representative in Ireland, Mr. J. A. 
Rutledge, sallaguidhed his appointment with us on 
June 30, and, with the object of covering the ground 
more comprehensively, they have appointed Mr. A. A. 
Kerrison to represent them in the north, and Mr. F. J. 
Masterson in the south of Ireland. They retain the 
Dublin Show Rooms at 34, Burgh Quay ; but it is pro- 


|| bable that in the future these will be materially de- 


veloped.—The British Lighting and Ignition Company, 
Limited, who, during the war, have been established 
at 204, Tottenham Court-road, London, W. 1, have 


| now removed their head office and works to Birmingham. 


The new factory, which is a very extensive one, is 
situated in Cheston-road, Aston, Birming and wi 

in future be known as the B.L.I.C. Works. The London 
depot and repair works has been established at 201, 
Tottenham Court-road, and magneto irs, armature 
winding, &c., will be dealt with both at that address and 
the Birmingham factory.—Mr. Allen E. Goodhue has been 








elected m tor of the Consolidated Pneumatic 
Tool Company, Limited, a subsidiary of the Chicago 
Pneumatic Tool Company, with office at 170, Piccadilly, 


The works are at Fraserburg, Scotland. Mr. 


London. 
'| Goodhue will also have charge of European sales for the 


Chicago Pneumatic Tool Company. 
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SOME EXPERIENCES WITH ELECTRIC 
WELDING IN WARSHIPS.* 
By W. H. Garp, C.B., M.V.O., Member. 


A Great deal has been written about electric welding 
as applied to ship construction during the past year or so, 
and some considerable advance has been made in its 
development both inside and outside the Service. It 
has been thought desirable, therefore, that some indica- 
tion should be given to this Institution of the extent to 
which it has been possible to adopt electric welding in 
warship construction, and shortly to — as the view 
of the Admiralty officers who have m engaged in 
investigating the process, what is the scope of its present 
and possible future usefulness, and the directions in which 
efforts may justly be made in the attempt to get the 
most out of it. 

Subsequent remarks will assume the use of the coated 
metal electrode, and it is not intended to discuss varieties 
of electrodes or other kinds of electric welding, or the 
apparatus employed, or even the nature of the current 
used, which could not be done within the scope of a 
paper such as this; these matters are mainly the concern 
of the specialist, electrical or metallurgical, and it is 
known that there are many conflicting opinions in 
to them. Our problem relates to the usual materials 
employed in the structure of warships and the prospect 
of combining these materials into a satisfactory sea- 
going vesse!; the question of varying the composition 
of these materials in order to facilitate their connection 
by electric welding and improve the quality of the joint 
has seemed to offer much promise, but nothing can come 
out of this without the collaboration of the steel maker, 
and this collaboration must follow further research and 
experiment as to its necessity and extent. 

There is no doubt as to the very considerable advantage 
to be gained by the use of this process. To a shipbuilder 
who has seen the endless applications of this kind of 
connection it is very attractive, and opens out visions 
of economy and efficiency of which perhaps the best 
example is the authorisation of Lloyd’s of its use in the 
complete construction of mercantile vessels. 

As soon, however, as we come to close quarters with 
the actual construction of the ship we perceive the 
necessity for considerable circumspection in the attempt 
to secure all the advantages which are so evident at the 
outset. We may with our present knowledge secure 
some of these advantages, but the big ship built with the 
minimum of weight, completely watertight or oiltight 
without caulking, and offering the smallest possible 
resistance to propulsion is not yet an accomplished fact. 

Owing to recent events, useful research, including 
experience in the application of the process to new 
construction, has been much retarded, and we have 

robably learned much less during the time we have 
504 at work with it than we should have done under 
normal conditions, but this leeway we hope to make up 
and perhaps some of the more enterprising shipbuilders 
may be encouraged to follow the lead of Messrs. Cammell 
Laird and Co., and investigate the process by actual 
experience in shipbuilding. 
ur first intimate acquaintance with this process 
was by the path of repair work and minor applications, 
—— stresses were small and the method convenient 
an * 
The following example of a repair of this nature will, 
I think, be admitted shipbuilders to be a veritable 
triumph for electric welding: The cast-steel stern-post 
of a battleship had been damaged to such an extent as to 
lead at first to the opinion that the work involved in 
restoring the strength at this vital part was too risky for 
electric welding, which had, at that time, to our know- 
ledge never been employed for so formidable a task. 

On docking the vessel, the main barrel of the stern- 
post was found to be cracked right through, and in 
addition about half-way down to the lower pintle the 
starboard flange was badly cracked, and it looked as 
though a long period in dock would have to be faced 
and a new stern-post fitted, but it was decided to attempt 
@ complete repair with electric welding. 

The repairs to the flange were quickly carried out, the 
defective portion was removed, the space carefully filled 
in and a well-tapered reinforcement was worked on to 
the original stern-post. The repair to the upper defect 
was much heavier, as it involved the removal of a large 
quantity of sound metal to trace and eradicate the cracks 
and to provide a trough or trench of suitable section to 
enable efficient welding to be carried out. A reference 
to the sketches (Figs. 8 to 11, page 26) will show 
the itude of the work, which was skilfully and 
thoroughly carried out in a very confined space in the 
heat of summer, in spite of an unfortunate interruption 
in current which caused surface cracks to develop, and 
these had to be removed and re-welded before progress 
could be resumed. Eventually, after a total period of 
about six weeks, some 6 cwt. of metal had been welded 
into the stern-post and the repair was finished. As the 
vessel has seen about — months’ sea service 
since the work was completed, whatever doubts or mis- 
nig lips. had as to the suitability of electric weldin; 
or this kind of work before taking this one in han 
have been dispelled. 

Similar jobs of somewhat less importance were also 
carried out during the war, and a few of these are illus- 
trated by the sketches attached; it is only pro to 
briefly describe them now, as, in a measure, the sketches 
are sufficiently explanatory. 

(a) Cast-steel stem of a “‘P” boat very badly broken 
—five separate pieces were reassembled, welded together 
and refitted in place with entirely satisfactory results 
(see Fig. 1, page 26). ; 





* Paper read before the Institute of Naval Architects, 
April 11, 1919. 








(>) Shaft bracket of a large 36-knot destroyer broken 
through—the repairs were carried out in a few hours by 
Chatham Dockyard (Fig. 2, page 26). 

(c) Lower portion of stern-post of a Castle liner broken 
off—new portion was forged and Welded into place at 
Portsmouth Yard (Fig. 3, page 26). 

(d) Fig. 4, 26, illustrates a class of work for which 
electric welding appears eminently suitable; that of 
reinforcing badly worn shell plating. In this case the 
yard officers estimated the cost of removal and replace- 
ment of the worn plates which were beyond patching 
at about seven times the cost of reinforcement by electric 
welding, quite apart from the extra time required in 
dock for renewing the plates. 

(e) Renewed portion of shaft bracket of a destroyer 
which had been worn through the shaft, (Fig. 5, p 26), 
running direct upon the casting—the worn portion of 
the boss was reinforced by welling and rebored to its 
original diameter. 

The successful work thus accomplished by this process 
naturally suggested a much wider field of usefulness in its 
application to new construction, and an elaborate series 
of sxperiassints was carried out at Portsmouth in A . 
1917, in order to more fully investigate its possibilities, 
the goal of course being the all-welded ship. Attempts 
were made to reproduce the conditions in which such 
welding would have to be carried out in the actual ship, 
but in this respect it was found very difficult, if not 
impracticable, to take into consideration all the circum- 
stances which would obtain in new construction. 
Although we have secured some highly successful test 
results on specimens produced in the shop for the p » 
subsequent experience has shown that the efficiency of a 


joint under quite moderate stresses was shown up with 
considerable prominence ; and this would seem to suggest 
that, if our assumptions _ which stress calculations 
are based are anything like correct, the stresses now 
accepted for structural work are as high as can be carried 
with safety, unless some im t in the efficiency 
of the connection between the of the structure 
can be obtained by means of electric welding or 


° . 

The tables show but a few of the results of the teste 
actually carried out, and are merely quoted to support 
what is now almost universally accepted that specimen 
welded connections can be produced which are superior 
to any riveted connection known. In view of what has 

sady been published in this direction it is not thought 
desirable to make the lists more extensive, as for some 
time now our efforts have been devoted to the tical 
application of our present knowledge rather con- 
tinuing the investigation of the physical properties of 
welded joints as compared with those of te ee 
plates or riveted joints. As part of this of the 
rocess, welds by all promising electrodes (British) have 
n tested comparatively at Portsmouth, and it is hoped 
that rtunity will occur to publish these results, as 
more extensive sources of supply of reliable electrodes 
appear to be necessary before electric weldingcan take up 
its proper position in general engineering and shipbuilding 
industries. 

These experiments and tests, referred to above, 
attracted a considerable amount of attention and 
thought, and representatives of certain prominent ship- 





buil firms and Lloyd’s Register had the opportunit 
of seeing them, and a @ very short time their value 


Taste A.—E.txcrric WELDING. 
Results obtained at Portsmouth showing roughly the efficiency of butt welds on steel of 26 tons to 30 tons. 
































BUTT WELDS 
Butt welds :— ho 
(5494.4) 
Average of ve Angle Time of 
Type of Weld and Thickness Five of Four Welding 20-in. Supply Average Arc Average 
of Plate. Tensile Tests. | Bending Tests. Length. Vol . Voltage. Current. 
tons persq.in. d minutes . 
in. plate, flat weld 25°3 0 20 110 24-0 70-0 
-in. plate, flat weld .. 21-53 644 27 110 24-0 108-0 
in. plate, horizontal weld* 18-81 18 58 110 26-5 100-0 
n. plate, vertical weld 20-01 34 47 110 27-7 117-5 
in. plate, overhead weld 23-01 52 63 110 26-5 82-0 
n. plate, flat weld 25-53 27 49 110 27-9 120-0 
1-in. plate, flat weld 22-16 17 69 110 27-9 130-0 
* Horizontal welding is difficult and always gives inferior results. This is due to the diffi- BUTT WELDS. 
culty in remo’ slag from between the weld and the upper surface due to the sharp angle 
between weld this surface, thus :— 
This method should always be avoided if possible; but where essential, better results would eed 
certainly be obtained byincreasing the angle of the upper surface, the lower plate not being Weld 
bevelled, thus :— 
This was donein the case of stern-postin Fig. 8, page 26. 
(58948) 


welded butt in a ship cannot be estimated from the 
results of tests on small samples. This conclusion is a 
highly important one, and appears to depend on the fact 
that the shop conditions will admit of ect welding 
if really skilled workers are employed, whereas the 
conditions in the ship are much less favourable. Our 
experience goes to show that, as things are, the skill of 
the welder is the most important factor in the per- 
formance, and that if the conditions under which a weld 
is made are not entirely suitable, reliance cannot be placed 
on the result. Moreover, we are not yet in a ition 
to state what percentage of efficiency in a weld, where 
the conditions are as good as possible, may be expected 
where the work is done at the ship instead of on a shop 
specimen. 

In order to determine whether a welded joint would 
be affected by sea-water, additional test-pieces were 
prepared and subjected to corrosion for a period of twelve 
months, and afterwards tested—the result being shown in 
Table D, 28. It will be observed that in only one case, 
i.e., at a welded lap, was there any appreciable reduction 
in strength, but it is by no means certain that this effect 
was due to corrosion, and in view of the other results 


this particular defect was more probably due to stress 
not being uniformly divided between the two welds 
of the lap. 


These experiments have been and are still being 
prosecuted with considerable success at Portsmouth, 
and the particulars given in Tables A to D show some 
of the more important results. It will be seen that from 
the point of view of tensile strength a good welded 
connection is quite satisfactory, but in ductility, as 
indicated by the angle obtained in the bending tests, the 
welded joint falls a long way behind that of the con- 
tinuous plate. This feature appears to be common to all 
welded work—as a general rule less is obtained 
with ang above } in. thick both as regards strength and 
ductility, but the tables show that excellent results are 
obtainable with plates up to 1 in. in thickness; and, 
further, that flat or downward welding is the most easy 
to carry out, and the results are usually the best with this 
type of welding. Clearly, then, the 4 of 
electric welding to new construction would upon 
the extent to which the details could be desi and 
arranged to ensure the maximum amount of flat welding 
at the ship, and elimination as far as practicable of the 
difficult overhead and horizontal welding. 

Incidentally it may be remarked that, by omeuny 
welded joints with riveted joints, the “‘ slip ” of a riv 








began to show itself in the construction of the Rich- 
borough electrically-welded barge, full details of which 
have already appeared in the press; whilst Lloyd’s 
carried out an independent and important series of tests, 
and obtained some interesting results as to the effect 
of fatigue upon welded connections and other articulars, 
some of which have recently been made public. 

A few experiments have been carried out as to the 
mgt of forging electrically-welded connections. 

wo test-pieces, 18 in. by 3 in. by }in., electrically welded 
in the centre, were bent hot across the weld; one was 
satisfactory and the other developed cracks at the 
extreme angle of bending. Four similar pieces were 
foi down to 1 in. by 4 in.; no difficulty was ex- 
perienced or flaws developed during the process. 
pieces were raised to cherry-red heat and bent double ; 
three were quite as satisfactory as would be expected 
from ordinary material and methods, the fourth was not 

uite so satisfactory. There is, therefore, no indi 
that electric welding produces a ‘ hot shortness,” as 
had been reported from other sources. 

Some two dozen samples of good and inferior welds 
by varying makers of electrodes have been subjected 
to microscopical examination, to trace, if possible, the 
relation between the physical properties and their 
structure. These were Classified according to the 
nature of their fracture, and the classes were again 
divided into three groups, viz., fine, medium, and coarse 

n, and it was ascertained that the good welds fell 
indifferently into their classes and their ve eub- 
classes. © same was almost true of the inferior welds, 
leading to the opinion that the fracture in the latter was 
due to flaws, ¢.g., holes, lays, and lack of juncture, 
that these experiments revealed no connection between 
the microstructure and the physical properties of the 
weld; or, in other words, the lal of the welder was the 
predominating factor in successful ey 2 and that 
such skill might easily obscure many of the variables 
= ao, affect the physical giv of the weld. 

t an early stage in the progress © experiments 
referred to, it was decided to weld portions of the bulge 
structure fitted to one of His Maj *s vessels, and on 
oceans the question it was thought that there 
would be no gain in welding any of the non-watertight 
portions of the work, as it was felt that for cheapness 
and speed of construction hand riveting, and 
in particular hydraulic riveting, was, with our 
knowledge of electric welding, the most reliable and 
efficient, and these views have not been modified by 
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subsequent experience. Further, the combination of 


widely spaced rivets and welding, which it was 


overhead cite that was involved. Moreover, it | 75 per cent. to 90 per cent. of the riveting and drilli 
thought | did not afford e striking example of the economy which | would be saved according as the connection is comps 


to adopt for the watertight portions, did not | may be effect#@ im construction when welding and riveting | with the double or treble riveted buttstraps. 


interfere to any extent with the present practice of| are associated 


I. STEM. 
BROKEN IN 4 PLACES AND 
WELDED TOGETHER. 
TIME TAKEN FOR WELDING, 7 DAYS. 


Piece Welded in / 












' P 
er, since in the portion wholly| ‘The experiments previously referred to clearly show 


Fig.3. STERN POST. 

Born PINTLES OF POST RE-INFORCED BY WELDING 
ANO RE-BORED. 
SCALE 4%‘ 1 FOOT. 





% 











_------- New portion &f Fast ----------------------> 








- 





Fig. 2. SHAFT BRACKET. 
WELDING SHOWN IN 750 FT OF QUASI-ARC 
“ USED SIZES N°8& 10. 
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Fig.5. SHAFT BRACKET. 
SCALE %° =! FOOT 


ELEVATION. 













Fig 4. RE-INFORCEMENT OF PLATING BY WELDING 
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Welding shown hatched. 


Note.—The raised strake of plating corroded was made good by filling up all the parts affected, by the quasi-arc welding 
Pn Where rivets were affected, they were removed and new ones inserted. Original poundage of plating 30 or 
in. thick. Dimensions indicate depth of corrosion. Corrosion extended over a length of 115 ft. 


Fig.86. STERN POST. | PART ELEVATION, 
SCALE %" ~! FOOT. 





Fig.9 STERN POST. 
SCALE % +1 FOOT. 
PART PLAN AT A.A 
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Fig.6 : 
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END ELEVATION 
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erection and of efficiently closing the work—an important | riveted both laps and butt i 
consideration in this case in view of the nature and form : a ae en ee ee Ge 


of the compartment to be welded, and the necessity for 














Fig.l. Secrion THROUGH C.C.Fig.9) 
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‘ r that the introduction of widely-spaced rivets had no 
my ty vessels fitted with bulges, single riveting | effect on the strength of the joint, the whole of the 


and butts i i i i 
completing the vessel as expediti ly + ible. Fig. 12, $0. was adopted as shown in the sketch, | strength being derived from the weld. It is clear, then, 


@ compartment was a section 0 


It is pointed out that a lap with a| that these structures would have been equally strong 


the bulge 20 ft. in | si row of widely- i cast : 
ie, Uhads Gop tir ob cantaee Sheed ee ant ieetien ye 4p a myth to rivets welded on both edges | had the riv eting been omitted altogether, and the only 


of this nature on account of its angular shape and the|common use, and 


h to any riveted connection in| reason why this was not done was the difficulty of 
this connection was used, from | assembling the structure without the use of bolts, as, to 
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ensure satisfactory welding, all joints must be well 
closed. 


The sketch, Fig. 12, 30, shows the general t 
of construction ado and the nature of the weldi ng 
carried out. It will pe dee mg ey was arrang 
on the clinker system, so as to the outside weld, 
which is relied upon for a, a downward 
weld. The water test showed t this course was 
justified, as very few leaks developed on test. In a 
subsequent vessel the raised and sunken system was 
adopted and the results were not so satisfactory, as the 
overhead welding involved a much greater strain on the 
operators; but the difficulties of this t of welding 
are by no means insuperable, although of course it 
should be avoided when practicable. It was found ~— 
it was comparativel to train an operator to make 
a single run of ooued welding, but a great deal of 
training was y to ble successive runs to be 
added to the first run satisfactorily. 

As there has been a continued growth in this class of 
work in following ships, there cannot be much doubt 
that welding can be successfully applied to structural 
work if there is sufficient time to give the various details 
full consideration. 

Whether this hybrid type of construction merely mark 
but a transition from riveted structures to all- 
welded structures it is difficult to say, but with our 
present experience it is certain that before this transition 





broke, with a loud re 


Portsmouth reported (a) that a riveted butt which 
had been welded in the 30-lb. keel plate of a light cruiser, 
port, under a 2-lb. water test. 

(6) A similar old weld in a ‘‘P”’ boat was found to be 
cracked in places, the old rivet holes in way of the weld c 
leaking. (c) Welded butt in bottom strake of bulge | builders to work on lines such as have been pursued at 


Taste D.—Corrosion TEstTs. 


were but ill adapted for rough usages at the ship, and 
much more robust fittings are essential if the use of 
electric welding is to be extended in the shipyard, as 
we have every reason to believe it should be. 

On the experience to date, we have agreed with certain 





Specimens Uncoated and 
d to Atmosphere for 
Four Months, then Suspended 
between Wind and Tide for 
Eight Months. 


Specimens Coated with One 
Coat of Protective and One of 
Anti-fouling Composition, and 
wholly Immersed in Sea-water 

Ive Months. 





Description. Specimens Tested Shortly 
after Welding. 
Welded lap. At 101 tons weld broke and 


Lap 2} in. wide, light verti- | rivets in lap sheared. 
cal weld along each edge | Mean width across section 
similar to (4), Table B. of weld 19in. 


Welded butt. 

. a —— 7 — 
strap) at back. Edges o: 
— caulked similar to (5), 
Table B. 


Up to 60 tons no movement. 
t 117 tons plate broke 
through line of rivets. 








No visible corrosion. 

Up to 50 tons no movement. 

At 87 tons weld broke and 
rivets in lap sheared.* 

Mean width across section of 
weld 0-20 in. 


Up to 100 tons no movement. 
At 144 tons plate and weld 
broke. 





Up to 100 tons no movement. 
At 129 tons weld broke and 
rivets in lap sheared. 

Mean width across section of 
weld 0-23 in. 


At 189 tons weld broke and 
rivets in lap sheared. 





is complete a considerable amount of research work 


TABLE E. 





* This is the result referred to as being less than the original result. 


TABLE F. 





g 2’ Cube Hole (approx ‘) 
ZA burnt out, then %Stad 
7) Weldled. in to take Plates 


LADDER STEP. 


att 





elded 


SKYLIGHT COAMING. 





Welded, | 


New Portion / Deck 





i C.K. HOLES. 


Welding studs in armour to attach 
fittings such as davit sockets, &c. 


Brackets for depth charge rails and 
aowee™ also other connections to 


Welded in order to avoid piercing the 
deck. 


Renewing the ribs on worn steps of 
mess deck ladders, &c. 


This avoids scrapping the plating. 


Coamings to skylights increased in 
depth, old portion with clips, &c. 
Already attached, shifted up. 


Doubling plates tacked to the deck b 
means of 1}-in. holes eousheqoua 
and filled with welding material. 

This avoids piercing the deck. 

Disconnecting fittings and structure 
under the deck and much awkward 








0.T BULKHEAD 




















(3654F) 


On removing strakes of outer bottom 
plating it was found that in some, 
cases the plate was cracked in wake 
of rivet holes, andsome of the rivet } 
holes elongated. 

The cracks were veed and welded, and 
the rivet holes filled in by welding 
and re-drilled as necessary. 


DAVIT SOCKET. 


Recess of plate were slotted over the 
beams and welded in wake of beams 
also to the bulkhead. This method 
is very simple compared with the 
usual process of forging angle collars 
to fit round the beam. 


Waterways to hatch coamings. 


Channel bars welded to the coamings 
at side and to each other at middle. 


Overhead rails for transporting ammu- 
tion were supported from under- 
side of deck by being welded to Z bar 
hangers and to transverse beams. 
After welding they were tested and 
found satisfactory. 


Outer bottom plating. 
Saving plates in repair work. 


Sockets for davits. 


Constructed with 3-in. ‘internal dia- 
meter) tube, 7-in. (diameter) flange 
on top, and 15-in. (diameter) flange 
on bottom, both welded on three 
plate brackets, also welded on socket, 
then welded in place on deck.- 





wilf be necessary to enable us to deal with the many ' 
variants which collectively contribute to the success or 
failure of electric welding, any or all of which affect the 
uality of the weld. It will be necessary to train 
gners and draughtsmen so to frame ship structures 
as to simplify the welding o tion by producing the 
best conditions to make it le, to devise a tical 
means of detecting inferior welds or to ensure none 
shall exist, to considerably increase the electrical power 
available, to overcome the difficulties of assemb! to 
suit welded structures, to suitabiy protect both 
and workers in the vicinity, to increase the sources of 
supplies of electrodes, &c., before we can carry out an 
amount of electric io wwe, Bory at the ship ,. 
These and other considerations to the opinion that 
the realisation of the all-welded ship will necessarily 
be a slow © ons and only attained by careful thought 
and consideration and attention to details, for which 
but little time is likely to be available in the near future 
“Wee naptissiion at sisclibe.cihdinn shi 
© app! on of e c to ship repairs 
and new construction has been by occasional 
ry these have mostly 
occurred with butt-welded joints. It is a matter of some 
regret that the conditions at the time did not permit of 
the causes of failure being more fully investigated, 
and the defect was usually summarily dealt with by 


riveting is saved. 











plating of a battleship broke 
suddenly. This butt was pre- 
viously riveted. (d) Butt in 











without conspicuous success, 
probably owing to the presence hes 
of oil and red lead, whilst the welding caused adjacent 
rivet; to leak, although these were watertight before 
welding. In these cases the added metal was found so 
hard as to be almost uncaulkable. After the above 
experience it was decided not to use lap welding 
— for comparatively thin plates. 

ere with ordi: care we can ensure a sound weld 
(and it seems evident that it is desirable to avoid the use 
of rivets if we wish to ensure the success of a welded 
joint), the rivets in such a joint, if only for the purpose 
of closing the work, tend to decrease the efficiency of 
the joint. The hybrid stage of construction previously 
referred to, which now seems in order to close 
the pam Sens therefore be passed ugh as quickly 
as . 








riveting on a strap. 


bulge plating of another battle- FAIRLEAD. 

ship which no strap behind 

cracked after welding. ( * Fairleads made totally of plate horns 
Several attempts have been >) bent, then veed at bottom and welded 

made to weld up defective butts aA, to bese plate 

and straps in ships’ oil tanks \ weld ~ 


the dockyards as a preliminary to a much greater 
expansion, and to enable them to acquire a skilled staff 
of welders, so as to be ready for a further advance by 
the time electric welding will have taken a more pro- 
minent pom in contributing to the structural —_ 
of our ships. But it is thought that at present neither 
our designers, draughtsmen, workers, nor shipyard 
appliances are sufficiently advanced or educated in the 
matter to embark on any extensive application of electric 
welding to naval architecture on any but a very small 


In the appendix is given a list sh ing the class of 


work in warships for which electric welding has been 
tted in certain cases, after the overseers have 
experience of the 





t may be remarked that our experience showed that 
the resistances and many of the other accessories supplied | 


satisfied that the —— and 
firm’s staff might be fully relied upon to 
results. This list has no pretence at 


luce efficient 
ality, and any 
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recommendation for further development will receive 
every encouragement. In the first place, however, it has 
been our custom to await —— from the firms, and 
no attempt has been made to force the , a8 @ failure 
would lead to a want of confidence in the process which 
it is desired to avoid if practicable. 

It will be seen that so far we only accept electric 
welding for work of a less important character, or in the 
case of large castings where the work can be carried out 
by specially skilled welders. There is, however, a big 
field for usefully employing electric welding for fittings 
such as eyeplates, mast hoops, hinges, and many other 
similar services such as are shown in Tables E to H, 
and where these fittings are such that the maximum 
sea-going stresses can be fully represented, either by a 


TABLE G. 
ENGINE ROOM GIRDER. 











4 WAY PIECES. 


Weld Weld 





Weld 


ESGAPE TRUNK. 


COAMING. 


Trunks for 


Weld _,] 





work. 





The doors had to be cut to pass through 
hatchways. They were then welded 
together in place. 


U BENT PiPL. 


Weld 


FRENCH MUSHROOM TOP. 


Method for making bends 
in pipes. 
The two halves are 
stam: out in hy- 
draulic press and 
welded as sketch. 


Method of making 
French mushroom tops 
totally by welding and 
then finally welded to 
deck. 











Rg 
MAGAZIN. ; 

Method of making bulk- 
= head pieces an deck 
Weld<'' i! 


pieces for magazine 


i! Spraying. 
; i i! Parts fixed ether 
totally by welding as 
per sketch. 


834.4) 


practical test or testing machine, and in these cases we 
would encourage any proposal to use electric welding as 
@ substitute for forging or casting as the case may be. 

In this connection it may be interesting to remark 
that an 18-in. torpedo tube been electrically welded 
and tested without showing any sign of weakness or flaws, 
and that an extension of this process for the purpose is 
under consideration. 

It may be argued by enthusiasts on this subject that 
we are justified, in view of the tabour-coving possibilities 
of electric welding, in proceeding at a much faster pace 
in the matter than has been outlined above. To this 
it may be said that these opinions are based upon & 
considerable amount of experience, and until the 
difficulties of erection without angles or rivets, and 
Properly closing work, have been overcome, and a close 
Seat wees mate of De meene to be aiuted Se 
proceeding with the work as expeditiously and efficiently 
as with the custo processes, we hesitate to commit 


Flanges welded to pipes and four-way 
pieces made and welded. 


two pieces. 

Coamings are assembled, angle bars 
mitred, and welded in place. 

Thus leaving interior of the trunk 
free for access during the process, 
which would not have been the case 
had riveters been employed on the 


Protective doors to magazines. 





mary 
ourselves to accepting welded structural connections in 


ships which are subjected to high stresses. In short 
the process has not reached the stage where it can be 
pg by the naval architect, as full reliance upon 
© results that = a produced by the av ip- 
yard worker cannot be expected at present. At the time 
of writing we regard the regulations on this subject which 
have been issued by Lloyd’s for merchant work as 
inapplicable to warship work, even though considerations 
of structural strength are probably substantially the 
same. 
I may say that we have investigated this subject to 
the full extent of the means at our di , and have 
received ready. and valuable assistance from experts in 
the various divisions of labour which bear upon the 
problem, and especially in connection with the repair 








HINGE. 
—- to girders were assembled in 
place. The ends mitred and welded, Weld 
thus saving smith’s work. 
“Weld 


SHOE FOR AWNING 


Round Bar 


wn eae 


Fresh-water and sanitary tanks, hot-water tanks in 
wash-places. All lockers of various types, store-room 
tanks, trough to wash-places. 

———— and covers with. all fittings, skylights and 
covers with all fittings, kere and oiltight coamings, 
watertight door frames, foundation strips for corticene 
panels, foundation bars for engine and boiler bearers to 
inner bottom plating to avoid piercing oil tanks, collars 
to frames, deck beams, &c., t pass through water- 
tight decks, bulkheads, &c. 

Seamen’s head, cooling chambers, shell bays, tubes for 
returning cases, deck lugs for mess lockers, canopies 
to hatches, mess-table hangers, legs and stools, small 
racks for various p ses, rifle racks, miscellaneous 
small fittings in crew's accommodation, wash-places, 


TABLE H. 





Lugs in female ion of hinge veed 
and welded to — ” 


Top of male portion also welded on. 


Weld 
Plate 


STANCHION . 
Lugs for shce bevelled (as sketch) and 
welded outside on to base. 





escape welded at sides in 


(SO3-1 ) 








of the™ stern-post of a 
battleship, shown in Figs.8 
to ll, 26, are we 
indebted to the Quasi-Arc 
Company, who, at a time 
when our knowledge was 
lights, gave us the benefit of their scientific experience, 
and supervised that important job in a way and with a 
success which met their fullest appreciation. 

As a result of the energetic research which is now in 
progress, we shall probably in course of time be able to 
obtain improved electrodes on a competitive basis, and 
it remains for us to devote our most strenuous endeavours 
to the ———- of really efficient welders, without 
whom the best cannot be got out of the process. This 
is a work of time, and it has been estimated by certain 
well-qualified authorities that years even are necessary 
to develop the required de of proficiency in associa- 
tion with a high standard of intelligence in the workman. 
The use of the electrode is really an art, and though the 
analogy may seem to be stretched, the phrase that 
“artists are born and not made” would probably spply 
with considerable force to an expert electric welder who, 
in addition to the other n qualifications, requires 
to have the ape ny of concentration highly developed. 
It is applicable to many trades, and it follows that an 
expert in one trade is not necessarily an expert in another, 
nor is its method of application the same in all. These 
things need to be borne in mind when discussing the 
best method of ing welders in order to secure the 

t saving of time and labour which may be anticipated 
rom perfection in the use of this appliance. 

In course of time, too, the present conflict of opinion 
among authorities as to the most appropriate nature and 
voltage of electric current to be used, the best type of 
electrode, &c., to secure the nearest approach to per- 
fection, will doubtless be resolved, and we shall reach 
what may be described as standard conditions for electric 
welding. If, in addition, we can discover some means 
of thoroughly closing shipwork without the use of rivets, 
we shall then be in a position to undertake with con- 
fid the complete construction of a vessel by electric 
welding. If, as previously indicated, we can secure 

co-operation of shipbuilders and others interested, 
we shall rapidly approach the end we have in view. 











APPENDIX. 


Ciasses OF WoRK IN WARSHIPS FOR WHICH ELECTRIC 
WELDING HAS BEEN PERMITTED IN GERTAIN CASES. 


Reinforcing and repairing castings such as stems, stern- 
posts, rudder frames, &c., making good pitting in bottom 
lating, making right-angled or other bends in angle 
ars, tee pone aid unmet 

Scuppers and pi an t-water service pipes, 
bulkhead piocnn, Tee, oil fuel filling pipes, bulkhead 
i &e. 

Electric fan and motor stools, ammunition bollard 
hoist seats, pneumatic pump seats. 

Air locks, engine-room vent, trunks, ammunition 
trunks and similar fittings, mushroom vents, ventilation 
hoods and trunks, supply and exhaust trunks built 








into hull. 


SOCKET FOR STAY. 


Socket for stay made by welding local 
thickening to thin plate. 


galleys, tries and store rooms, renewing ribs of 
cheq plating to avoid scrapping the plating, aerial 
tubes, food lifts telephone cabinets. 

Superstructure of a destroyer. 





STATISTICS OF IRON AND STEEL 
PRODUCTION. 


An interesting series of tables giving the output of 
iron and steel in the ays countries of the world has 
recently been issued by the National Federation of Iron 
and Steel Manufacturers. It shows the output of 
pig-iron for the leading countries from 1900 to 1918 
inclusive. In 1900 the United Kingdom juced 
8,960,000 tons of pig-iron ; the United States, 13,789,000 
tons; Germany, 8,521,000 metric tons; and France, 
2,714,000 metric tons. In 1918 the figures were: United 
Kingdom, 9,066,000 tons; United States, 39,052,000 
tons ; y, 11,590,000 metric tons; 
1,297,000 metric tons. The years of the output 
of pig-iron were the following: 1913, Uni Kingdom, 
10, 60,000 tons; 1916, United States, 39,435,000 tons ; 
1913, Germany, 19,292,000 metric tons; and 1913, 
France, 5,207,000 metric tons. The figures for the steel 
output in 1900 were United Kingdom, 4,901,000 tons ; 
United States, 10,188,000 tons; Germany, 6,646,000 
metric tons ; and France, 1,565,000 tons. 1918 they 
were: United Kingdom, 9,591,000 tons, includi 
306,851 tons of steel castings ; United States, 45,073, 
tons; Germany, 14,874,000 metric tons; and France, 
1,912,000 metric tons. The hi figures were reached 
in 1917, in the United with an output of 
9,804,000 tons, en castings; in 1918, in the 
United States, with the above figure; in 1913, in 
Germany, with 18,959,000 metric tons; and also in 
1913, in France, with 4,687,000 metric tons. Leaving 
out other minor countries, the pig-iron output of Belgium, 
which was an annual av of 2,183, metric tons 
for the four years 1910 to 1913, fell to 1,454,600 metric 
tons in 1914, being as low as 68,150 metric tons in 1915, 
and 127,825 metric tons in 1916. The wenn 
of Belgium, which was an annual av 2,280,000 
metric tons for the four years 1910 to 1913, was 1,360,000 
metric tons in 1914, 94,500 metric tons in 1915, and 
95,830 metric tons in 1916. Italy had for the five years 
1900 to 1904 an a annual output of pig-iron of 
44,680 metric tons, an average annual output of 
steel of 163,000 metric tons; her 
for 1917 were, pig-iron 475,400 metric tons and steel 
1,304,000 metric tons. The detail figures of pig-iron 
output for the United Kingdom for the year 1918 are as 
follow: Hematite, 3,547,804 tons; basic, 3,202,008 
tons; foundry pig-iron, potions tons ; —— pig-iron, 
777,704 tons; i . ferro-manganese, ferro-silicon, 
&c., 246,943 Lent | Wdinest iron ings, 18,780 tons. 
In the same year there were produ in the United 
Kingdom: Bessemer steel ingots, acid 788,355 tons, 
basic 567,650 tons; ——, steel ingots, acid 
3,901,136 tons, basic 3,924,415 tons; electric 
ingots, 103,201 tons; electriv steel , 44,901 
tons; Bessemer and open-hearth steel castings, 261,950 
tons. 
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ELECTRIC WELDING IN 


Fig .i2. 
SECTION AT A.B. 














20 Lbs. Bracket 
\ MOLbs. Continuous 
20Lbe.% boundary Angle 


5034) 30Lbs. a 
‘ Flange 


CATALOGUES. 


Parachute-—The construction and working of the 
Calthrop parachute is described in a foo! book of 
78 issued by E. R. Calthrop’s Patents, 

ted, Eldon-street House, E.C. There are many 
excellent pictures and diagrams, and a comprehensive 
reprint of press notices. 


Monorail Hoists.—The sevens hoist with electric 
drive and travelling on single or double overhead rails 
has been very fully developed by the Shepherd Electric 
Crane and Hoist Company, Montour Falls, N.Y., U.S.A. 
Their catalogue is one of the best of its kind in clearness 
of es lavish illustration and variety of machines 
presented. 

Electric Cables.—Main cables for high and low tension 
power supply and telephone service form the subject of a 
special catalogue issued by Messrs. Johnson and Phillips, 

mited, Chariton, 8.E. 7. The arrangement of the 
cores, sheathing, insulating, shielding for various con- 
ditions, and jointing and laying are all clearly dealt 
with in the text and amply illustrated. 

Filter.—A ym ery filtering feed poe ry pemivoet- 
i is deeori ina ogue from t riscom- 
Bek Gesmpan » 90, West-street, New York. The 
vessel works under a maximum pressure of 250 lb. per 

uare inch, and the true stan sizes made have 

tering areas of 1,000 sq. in. to 30,000 sq. in., the water 
 ometgg ranging from gallons to 39,000 gallons per 


Conveying Machinery.—A carefully designed conveying 
lant is described in a book catalogue received from the 
effrey Manufacturing Company, Columbus, O., U.S.A. 

Buckets are continuously carried on chain or link gear, 
vertically or horizontally as required, throughout a 
building. The buckets swing to level at all movements 
and are automatically em and returned for filling. 
All the gear is described in detail. 

Concrete Mizer.—The British Steel Piling Com . 
Billiter-street, E.C. 3, send a catalogue of their pone mr 
mixing machine for } cub. ard charges. It is a revolving 
drum with fixed wings or scoops of special shape to turn 
over and mix the concrete in a ar way. A water 
tank with capacity graduations is fixed to the machine, 
which is mounted for belt drive or with portable engine. 
The company also send a “service” Sookles stating 


terms, &c., on which they supply piling plant to 
contractors. 





Steam Su 8.—The Foster superheater is dealt 
with in full detail in a catalogue issued by the makers, 
the Power Specialty Company, New York. The super- 
heater is made in forms suitable for marine, stati 
and locomotive boilers. The heaters are seamless steel 
tubes covered with cast-iron rings having regular fins ; 
these are bored and shrunk on. The company has 
o a London office, for European business, at 
316, Oxford-street, W. 1. 


Boilers.—The "ee of land boilers made by Messrs. 
Holdsworth and Sons, Limited, Leeds-road, Bradford, 
are ven as: Co , Lancashire, Cornish-multi, 
Yorkshire and Vertical. Each of these is made in a full 
range of standard sizes, of which tabulated iculars are 

iven. The Yorkshire boiler is similar to the Lancashire, 

ut shorter in proportion to its diameter and with furnace 
flues tapering in the reverse direction; the Yorkshire 
being appreciably larger at the back. Test and opinion 
indicate that considerable fuel economy is obtained by 
these differences. The catalogue mentions that a 


Note :- Welded work gmenly 
Single 
8 Diams apart 





(For Description, see Page 25.) 


BULGE PLATING. SCALE 4% =! FOOT. 


WARSHIPS. 


PART EXPANSION OF BULGE PLATING 


METHOD OF WELDING BUTTS OF 
BULK? BOUNDARY ANGLE. 





Riveted % Rivets 


WI Bulkhead 


Lancashire boiler made by this firm in 1869 is still in 
service in the Bradford district. 


Ausiliary Haulage.—Some very sturdy and compact 
es are shown in a catalogue from Messrs. 
Hugh Wood and Co., Limited, Newcastle-on-Tyne. 
There are 10-h.p., 15-h.p., 25-h.p. and 50-h.p. haulers 
each with single or double drums and electric motors 
complete and low built on frames. Also haulers on 
similar lines for endless ; and a series of steam- 
driven haulers. The smaller has two oscillating cylinders 
of 5 in. diameter and 8 in. stroke, developing up to 
20 brake horse-power at over 270 r.p.m., and others up 
to 54 h.p. The steam pressure in all these is 60 lb. 
These haulers are extensively used about mining districts, 
and the firm also make a pneumatic pickaxe and a coal- 
cutting machine. This survival of the oscillating 
cylinder is interesting. 

Marine Tail Shaft Lubrication.—The tail shaft bearing 
made by the B. R. Vickers (Leeds) Engineering Company, 
Limited, is described in a special catalogue. The 
bearing is carried in a tube which extends from near the 
propeller boss to a short distance from the coupling, 
giving an ample space for oil which is supplied by gravity 
feed. The sea end of the tube carries a subber com- 
position washer flared outwardly to exclude marine 
water, a felt washer to retain the oil and metal rings 
revolving with the shaft. The inner end of the tube 
has a neck bush bearing and a brass gland. A slight 
flow of oil to the sea ensures that there is no inflow of 
water or sand. Records of good results ever several 
years are given on a number of shafts from 8 in. to 13 in. 
diameter ; these also show the wearing virtues of cast- 
iron bearings when properly lubricated. 


Power Transmission—A bound catalogue of over 
800 pages octavo from Messrs. Crofts (Engineers), 
Limited, Bradford, deals entirely with transmission 
fittings, appliances and machines. Nearly every page 
is illustrated and fully detailed tables of sizes and prices 
are given for each item. The sections cover shafting, 

blocks, brackets and fittings of all kinds, counter- 
shafts and belt-shifting gear, belt pulleys, rope pulleys, 
tooth , chain gear, belting, ropes, lubricators, a a 
special final section of about 70 pages of “sundry 
tables.” The whole contents are strictly relevant to the 
transmission of power. Many special inventions and 
designs of rndou merit are shown. The aim of the 
firm is to supply every necessary item for fitting w 
thie b h of equip t and to give all the requi 
technical information in practical form. This catalogue 
will be a real help to every factory and workshop staff, 
both as a catalogue and as a reference book. 


Drilling Machines.—The radial drilling machines shown 
in a catalogue received from Messrs. James Archdale 
and Co., Limited, Birmingham, form an interestin 
contrast to the earlier t of these machines. A 
the gear is carried on a substantial pillar, the arm is a 
gt song | of t sti and stiffness and swing 
for the f ircle, the machined base plates extend in 
one, two or three directions in the different types, the 
intermediate tables have machined and bolt slotted 
surfaces on sides as well as top and there are swivelling 
and universal tables on which the work-piece can be 
readily set and firmly held at an le. In addition to 
these features which vastly increase convenience and 








range of the machines the controls are so centralised 
that a man can reach all easily. The motion of a single 
constant speed belt, or electric motor, is transformed by 
gearing to a wide range of speeds and feeds. This 
catalogue is devoted to numerous variations in size and 
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WT Bulkhead 


range of work; but all founded on the same essential 
principles of construction. 

Unit Building.—Engineering firms are taking a more 
direct interest in the question of building cottage houses ; 
amongst them the Crittal Manufacturing Company, 
Limited, Braintree, Essex, which has issued a booklet 
on the subject. This firm was concerned in many works 
of rapid building during the war. A unit system is 
proposed under which building blocks, casements, doors, 
&c., would be made to a standard (metre or yard). The 
buildings would vary in size by this unit, and architects, 
builders and makers of wood and metal fittings would 
make to standards based on this unit. The estimated, 
saving in cost of construction is 25 per cent. to 30 per 
cent., just about the difference which would make 
impossible schemes into possible ones. Steel would be 
largely used in place of wood for casements, doors and 
other parts, suitable forms being made by special rollings, 
pressings, and other processes which become extra- 
ordinarily cheap when very large quantities are used. 
Apart from saving in actual cost of material, wages, &c., 
there would be the advantage of reliable supplies, of 
house “‘ parts” consistent in quality and exact in size. 
We are pleased to see that the Crittal Company worked 
in co-operation with the Winget Company, which makes 
special machinery for producing standard building 
blocks, or slabs, and would be glad to see other engineering 
firms join in considering this question; private enter- 
prise might in these huge tasks develop a system of 
combined work which would be more hopeful than 
Government action. The “sample” houses are, it 
must be noted, much more substantial throughout than 
the prevailing type of cottage, and the system would 
as easily allow of a somewhat less rectangular appearance. 








Import oF Dyresturrs.—The Board of Trade issued, 
on the 19th inst., an announcement dealing in detail 
with the import of dyestuffs. Firms desiring full in- 
formation on the subject, or wishing to make application 
for an import licence are advised to communicate direct 
with the Secretary of the Licensing Sub-Committee, 
53, Spring Gardens, Manchester. 





ReMovAL OF NITROGEN FROM MOLYBDENUM Fiza- 
MENT Buutss.—Irving Langmuir finds that, when 
molybdenum filaments are heated to 2,000 deg. or 2,400 
deg. C. absolute in nitrogen at very low pressure (0.03 
mm.), the filament loses weight at the same rate as 
if it were heated in a vacuum, while nitrogen disappears ; 
yet the amount of Mo lost is much greater than the 
nitrogen which is thus “ cleaned up.”” The removal does 
not succeed in the presence of traces of water vapour. 
The ratio of the number of nitrogen molecules removed 
to the atoms of Mo evaporated is independent of the gas 
pressure (if very low), but decreases with rising tempera- 
tures. Twocompounds, NMON and Mo : Nz seemed to be 
formed by the collisions between the molecules and atoms 
near the filament. The deposit settling on the bulb is 
spongy and can re be rubbed off, whilst the deposits 
obtained in vacuum bulbs can scarcely be scratched off 
with a knife. When the bulb has been cooled in liquid 
air, the deposit gives off some nitrogen on being heated 
to ordinary temperature subsequently, and readsorbs 


part of the ni on recooling; hydrogen is hardly 
adsorbed. The deposit decomposes water v: at 
ordinary temperature. These reactions (Jo of the 


American Chemical Society, 1919, pages 167 to 194) 
exemplify the complexity of the reacti in v 
bulbs, 













































































JuLy 4, 1919.] E INEERING, 3! 
are supported at their inner ends by webs A2 integral with the 123,879. J.H. Dent, Liverpool, and The United Alkali 
‘* ENGINEERING” ILLUSTRATED PATENT oouek. By this means a recess is made in the walls | Company, Limited, Liverpool. Gas Scrubbers. (4 Figs.) 
G RE ~ at the outer ends of the bosses without weakening means April 18, 118,—The apparatus, acco: to this invention, is 
CORD. ~ by the val of he ‘porth Ot the skirt of jy +S ber of 5 lean on tie ebteodin 
remo ons @ cone a number of pro; on » 
SELBOTED ABSTRACTS OF REOENT PUBLISHED | piston A to which the bosses are usually joined. The and has the apex removed and the rounded 
SPEOIFIOATIONS UNDER THE AOT OF 1907. ot he 4 FR either the bosses Al or the py ny tte gery bottom 
of the connecting rod C, orin both. Discs D, having bosses Eoving 0 depressed cepet pase 
Fhe euaer of ctstep oteun Co Ge Speferton Bansines @ See eee ate and © Ge ew Se Ge edge, which is i tguta in the tro igh to prev 
n each case; where none is mottioked the Specthoation te at ~et- py Gy at each « of latter, cca of gun by the iguld lating the ald san BS pen at 
: ,; , a a extends thro them goon a b jecti erside. —~ , 
"Jes ane ee in italics. oer 108 ~-4-—-T, hI - ta sof the fed ee Pind the edge rounded as shown, thi 
ae aes a Se Peas Sales Sater endl of tho Kieosh IA’ cnthaie’ - 1-5 y peovtded 
= Buildings, Chancery-Lane, W.C., at by the | of the gudgeon . pin to prevent the bosses being 
Bo fy i the acceptance of  Complae ee Gee om SR eee H. Cee) 
Specification is, in each case, after the abstract, unless the | 123,388. H.R. Ricardo, London. 008 SY. S. Sour 
Patent has been sealed, when the word “ Sealed” is appended. magi, Comskeete he ce rebeusty \. 
Ay Sen wae, time within two months from the date of | Engine Crankshafts. (1 Fe raary 19, ‘So18.— 
advertisement of a Complete Specification, | invention relates to engine "of the type which is 
notice at the Patent Office of ao - Songs fveaton eto fue cstanate f Ue fe tei 
‘atent on any grounds as to the crank- . According to this invention, in each hollow 
(iioe ts Gkapesed & tlbe 3, the enteonel desester of wien it 
re is a e r of w’ ess 
AGEECOLEURAL, ABTUAANGES, than the internal diameter of the hollow in the crankshaft part, 
123,847. ‘The Austin Motor Company, . Ni and the ends of this tube are __ or coned ¢ y. 
field, Bi , and Sir H. Austin, Ni d, Bi g- | Two rc C are provided, each of which is externally en 
ham. Agricultural Tractors. (2 Figs.) March'14, 1918.— | dtical, of such a size as to closely At the hol low crankshaft 
According to this invention, the engine case and while the interior of each ring is coned as so to adapt it 
gear-box are of tubular and substantially cylindrical c- | on the end of the ee The two rings oo drawn 
tion, the engine case removable as a unit from the other and on to the ends of the tube by end plugs D, Di and a/ portion being surrounded © one 3 weee Do Gane 6, 
speed x, and the gear-box removable tt E. Each ring thus forme a Y tight, joint between one | shown as having depression tn in ite paar part and openings ¢ 
a3a unit from the driving axle-case, the end of the tube and the s of the crankshaft part.| around its “ag which quid, which is maintained 
seer-bon, and driving axl the The tube B with the end = coneates an annular| at a sufficient level in the trough mine's to cquateeatne be to pre- 
of the tractor fram structure of the frame is made chamber Being ts cran part, an id the peanagus Sor the vent escape of gas gh the ¢. The liquid to be 
up of the egtaeesse A, change-speed gear-box B, and driving | inflow and exit of lubricating oil lead into this annular chamber. | distributed is fed into the part of the dome © and 
axle-case ©. The e-case is tubular and su passesinto the trough B and through the openings cin the dome C, 
cylindrical, and is fixed to the chan gear-box, which id thence | are ones Sn ne Saat Se 
is also eabular and substantially cylindrical, and is removable ot = Tpyty by. Ty. Ly 
as 
a unit therefrom. The gear-box B is fixed to the driving axle- = = wy ed to give Practically” hich projections 
of the liquid. (Sealed.) 
Fig.1. 123,917. B. Rugby, A.M. Rugby, and The 
oe ee “Lisaited, uaiy. Sparking 
' Plugs. (6 Figs.) June 1918,—This inven has for 
object to construct imp: tpareing plugs for internal-com- 
bustion engines. In in into TL 
chamber which has aninwardly 
at end — may be 
a separate 
peeeeces 
at or near 
$3 tbe bosh being tapered 
ct Sassiccesee 
rend 0! e 
Fi It is then only necessary for this chamber to be filled wi 
tg.2 which forms a layer or relatively thin cylinder within the crank- 
rf FL ad of the solid mass of oil which in existin 
} uired to fill the hollow part of the crankshaft. 
| The quantity of of carried in the shaft is thus materially reduced 
nner tube is conveniently formed of steel, while the 
Fings may be constructed ot white metal, fibre or other suita 
or material adapted to be pressed into gt py 
manner Ad the ey | joints. Each end plug 
is con y constructed as a cap pom ne eB with 
— Meyilnarieal ‘and an ye Se flan 
disc and cylindri rt of the cap fit wi the end of 
tube, while the flange wi against the locking rin, a 
.W r L, 
centzo of tho plug or onp ie © hols theough Whteh ean be passed 
JAS FF A ey, © attached io F which passes axlally through the mica bush, 
earance or § being pro een 
there varomed onto thy ong of te buon thatthe tempt. be | Sod" nter'atac Cte bank, "Oras te wmpping shove 
| the tube and jammed between these ends of the surrounding wall | ™entioned is faced an aluminium or other metal sleeve G which 
of the ee rt. (Sealed.) internally is tapered to corres: with the taper of the wrapping 
aatiom aa ponte iructere a agered in the metal body, te lower end 
pos 8 inse’ nD m > lower 
ees. fo a —w hone 5 MO. Wart’ | of the mica bush resting on the internal ler at the inner 
case C and the change-speed gear-box B, together with the t ae aw — og 6 — i a end of of the body, and the metal sleeve is taped inwards under 
change-speed mec may R pe removed as a unit from | i513 This invention relates to the pa. om of aetene fan , pressure to produce the required gastight joint. The sleeve is 
the case C. The clutch shaft E drives a frst intermediate | | ternal-combusti t the kind in which, f 1d in posi on, by an outer collar screwed into of over the body, 
shaft F, which is carried in of the sides 0 of the the chan; t facilitatin a end pop ye mow oy urpose or by the mppes end of the beady over the sieeve, 
speed gear-box B. The shaft F lies transversely of the ‘tractor of facilitating the ee ordi £ peg eed or | projecting end of heal cleotwode may be enclosed by 


and carries movable change-speed gear wheels. 

intermediate shaft G, which is parallel with the shaft F an ay 

Pa A a 
xed Ww! o c! an ion for 

drive, the teeth of this Bein a, cut in the 





periphery of the shaft. The first shaft F extends 
yond the bearing at one side of the i gear-box, 
and carries pulley R from which an i 


such as, for instance, a threshing machine or auneuten, may be 
driven. (Sealed.) 


GAS ENGINES, PRODUCERS, AND HOLDERS, &c. 


123,805. R.W.Maudslay, Coventry, and The —_ 
Motor Company, 
(1 Pig.) March 1, 1918,—This invention relates €o improved 
means for securing "the gudgeon pins of pistons. Acco: 
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aon of the piston carrying the rings is secured by bolts accessible 
rom the combustion space. According to this invention, bolts 
are pny | which, while accessible from the combustion space, 
are separted from direct contact with it by removable protecting 
members. A is the hollow body, through which cooling 
water may circulate. Bis piston rod. C is the head of the 
piston. are the piston rings on the head C. E is one of the 
screws or tap bolts connecting the head C to the body A. F are 





yee plugs In the construction shown, the piston body 
‘the head C and is 


























MACHINE AND OTHER TOOLS, SHAFTING, &c. 


123,907. Guest, Keen and Nettlefolds, Limited, Birming- 
ham, and T. W. Eayrs, ne he “pe ig 
Capstan and Turret Lathes. June 5, 

The invention consists of hE. n ort the ——s A} 
tools such as are used in automatic 

lathes and screw machines. According to the ~T -y i 
is employed in conjunction with the box tool when setting 
the parts of the same a two-part iting device, one of the 
parts of the setting device consisting of a bush, the external 
diameter of which is such that it accurately fite the hollow shank 
of the box tool, the bush being of cet a diameter internally 
that it will an ing rod constituting 
the other part of the device which is of the exact diameter of the 
= to be produced by the box tool when the same is at work in 
he machine with which it is used. A is the bush which is fitted 
in “t= hollow shank C of the box tool and which is temporarily 

















vided at its mavens aah 
a ange into which the tap bolts take, the bolts g inserted 
through deep recesses in internal | of the head, in 
the head of each bolt being formed wi & square end for opera-| by the set screw D. The rod B constituting the other part of the 
tion by a s tr. Each recess is tapped to receive a screw | setting device and which has the exact diameter to be produced 
plug F, ha’ @ square end lying within the upper part of the | in the rod or wire to be ted upon is fitted in the bush 2 s0 
recess. a eye pK Rd. 3 a aN as to leave the head (or T-shaped end) pro as ree 
prevent the of the bolt and vy me the tap bolts| roller steadies E, EK and the cutter p of tool. The 
are the combustion space at the piston | steadies E, E having been adjusted so as to bring them into bear- 
by the pl ~i- 01. prevented from overheating, the me ing contact with the pin or rod B of the sett’ evice, as is illus- 
fluid in = interior of the piston head the bolts fairly | trated in Fig. 2, they are fixed in their adjusted positions by the 
cool, and so avoiding any risk of spoiling the it by oD Mh poy The cutter F is usted 80 as 
of the bolts. (Sealed) to bring its acting part or point Into intimate contact with the 
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in or rod B, as is seen in Fig. 2, and it is then fixed by the usual 
Rxing screw pins. The pin B is then removed from bush A, 
and the bush is afterwards removed from the shank C of the box 
ig “es now be applied to the machine in which it is to be 
used. ealed. 


123,934. "G. H. Smlth,"Bredbury, aear Stockport, and 
Pollock and Macaab, Limited, Bredbury, near Stockport. 
Tool Holders. (3 Pigs.) October 9, 1918.—This invention 
relates to tool holders for lathes of the type in which the tool 
holder or tool post is adapted to be revolved on a fixed stem 
and is provided with indexing and positioning devices, The 
square tool post A is mounted on the fixed stem B, which is solid, 
or in one piece with the base Bl. The handle © to effect the 
locking of the tool t and also the withdrawal .of the index 
plunger, is fixed to the upper end of the lockingscrew D. The 
index plunger E has a bevelled innerend adapted to enter a lateral 
aperture in the screw D and be engaged by a bevelled surface 

ereon. The index ring F may made solid or in one 
piece with the tool post A, or made separately and secured to the 
post. The spring G serves to force the plunger E inwards to its 
engaging position ; the outer end of such spring abuts against the 
retaining plate or bracket H. The index plunger E is shown in 
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engagement with one of the four itioning notches or apertures 
in index ring F, at which position the tool post is held by the 
locking screw !) in the known manner. To rotate the tool post 
to another position, it is n to release the same and with- 
draw the index plunger. Both the said operations are, by this 
method, effected with the one rotary movement of the handle E. 
On such movement, in the direction for releasing the screw D, 
the aforesaid bevelled surface of the screw abuts against the 
corresponding bevelled end of the index plunger E and forces back 
the latter against the action of the spring G until a gap E! (Figs. 
2 and 3) in the plunger is brought into position to provide 
clearance for the movement of the index ring. The tool tA 
ean then be rotated to one of the other positioning notches or 
apertures in the ring F, when the latter and, with It, the tool post 
is again automatically engaged or held on the return movement of 
the plunger E under the action of the spring G. By a reverse 
movement of the handle C the tool post is then again locked by 
the screw D. (Sealed.) 


STEAM ENGINES, BOILERS, &c. 


123,940. H. E. Yarrow, Scotstoun, near Glasgow. Oil- 
Fired Boilers. (2 Figs.)" October 14, 1918.—The invention 
consists in improved disposition of the oil-spraying devices of the 
Yarrow type of boilers using oll fuel. According to the invention, 
the burners are not all arranged in the same vertical plane, but 
in echelon, or other order, in which some burners, or sets of 
burners, are nearer to the back of the boiler. A is the furnace, 
Bi and B2 the water drums, C the steam drum. In the example 




















provides automatically acting cut-out gear which will, in certain 
emergencies, shut the steam off the turbines. The gear is 
characterised by an actuating valve which depends, for its action, 
upon the oil pressure in forced lubrication system, this 
actuation valve controlling a self-acting emergency valve capable 
of shutting off the steam su ply to turbines. The steam 
emergency valve A is pon at the boiler side of the regula- 
ting valves and has a valve B on a spindle which also carries 
a pistone. The area of the piston is in excess of that of the valve, 
so that the latter cannot o under pressure of steam entering 
at Al until the pressures at both sides of the piston C are equalised, 
this being done by the passage of steam through a small by- 

rt D, the outlet of which is controlled by means of a pin valve. 

hen the pressures are equalised, the valve B opens to the extent 

rmitted by the hand wheel F. Toautomatically close the valve B 
t is only ry to t, by pipe J, the space at the upper- 
side of the piston © to a point of lower pressure so that the un- 
balanced pressure on the underside will at once raise the piston 
and close the valve in well-known manner. The actuating 
valve G, consists of a sleeve valve H which, when in the upper 
position, closes the connection J and, when in the lower position, 
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opens the connection. Secured to the lower end of the spindle of 
the valve H is a heavy ram K which works in a separate cylinder L 
to which oil from the forced lubrication system enters by means 
of a pipe Li, and the actuating valve is normally retained 
in its upper ition by the pressure of the oi] acting on the 
underside of the ram. The space at the upperside of the ram is 
connected with the oll drain k by means of the pipe M. The 
area and weight of the ram are so proportioned that it continues 
to be ———- by the oil pressure until, from any cause, the 
pressure is below a predetermined limit. Whenever the oil 
pressure is reduced below the limit the ram immediately falls 
and moves the actuating valve H to its lower position, thereby 
opening communication between the upper side of the = Cc 
and the hot well tank, thus causing the emergency valve B to 
close automatically and shut off the steam into the turbines. 
The o1l supply for the cylinder L comes from the forced lubrication 
system direct or from the gravity tank N and pipes X, X1, and 
through the valves T, T1, controlled by the governors Q, Q!1, 
of the high pressure and low-pressure turbines, and thence 
throu Ate 3and switch cock R to the pipe Ll. (Accepted 
March 19, 1919.) 


123,855. The Chimney Construction and Boiler Setting 
Company, Limited, Westminster, London, and F. B. 
Hamilton, Brighton. Chimney Stacks. (8 Figs.) March 20, 
1918.—The invention relates to chimney stacks, with spiral 
bonds or courses, and the invention consists broadly in building 
up the initial spiral and terminating the final spiral by means of 

iternate inclines of cement and of bricks suitably tapered, 
each of such inclines forming a sector of the circumferential! wall 
of the chimney in such a manner that an initial complete spiral 
can be obtained as a starting base and the top of the chimney 
finished off square. In accordance with the invention, the 
spiralling is started by laying an inclined sector or part of a 
spiral A in cement, proceeding from a knife-edge A! at its point of 
inception to a height or thickness of about 2 in., é.¢., something 
less than the thickness of a standard brick. From this point 
the spiral is continued by another adjoining inclined sector or 
y+ of a spiral B which, however, is formed of tapered bricks, 
t being understood that the first brick abuts at one end against 
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the thick end of the cement wedge and the subsequent bricks 
rym thicken until the last tapered brick B1 of the section 
8 of standard thickness at the extremity of the incline. That 
is to say, the first brick incline or sector of the spiral joining to 
the first cement incline or sector makes a rise from the knife-edge 
at the point of initiation to the thickness of a standard brick. 
From — another similar wedge of cement is laid, pro- 
ceeding as before from a knife-edge to a height of about 2 in., 
and upon this a layer of standard bricks is laid, or alternatively 
the bricks can be laid first and the cement wedge formed on top 
of the bricks. This will bring the spiralling from its knife-edge 
at the point of initiation to a height of, say, 5 in.—3 in., the 
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shown there are 10 burners, 6 in the lower set and 4 in the upper. 
in the usual position at the front of | of bricks and a cement wed 
the boiler, burners El, E2, E5, E4 are arranged tn 8 vertical e | the spiral to a height of 8 in., then a course of bricks of whic 

boil » DS, in a | two rows will be stardard bricks and one row will be bricks cut 
plane still nearer to the back of the boiler. The burners are | to taper slightly, which will bring the height to 9in. , then a course 
symmetrically em vey with relation to the central line of the | of three rows of bricks and a cement wedge, bringing the height 


Burners Fi, F2, are 


nearer to the back of the er and burners D1 


to the central line, (Sealed.) 


123,942. Scotts’ Shi 
y, Limited, 


, and J. P. Greenock, 
Turbines. (1 Fig.) October 22, 1918.—This invention 





.| bricks. The process can now be repeated by laying two rows 


and Engineering Com- | to the circumference of the chimney. To finish 


thickness of the brick, and 2 in. the thickness of the cement. The 

ling can now be continued with a course of two rows of 
brick, one being a row of standard bricks and the other a row of 
bricks cut on taper so that the spiral will now proceed from 
its knife-edge to a thickness of, say, 6 in.—the thickness of two 


ge—or tice versa—which will em | 


to 11 in., and so on, so that when one complete circle of the stack 

been finished a spiral will have been ea proceeding from 
a knife-edge to an ultimate height which can be in proportion 
off the chimney 





TEXTILE MACHINERY. 

123,808. A. Newton-Smith, Westminster,” London. 

@ Mechanism. (3 Figs.) March 4, 1919.—In the 
picking mechanism of looms, in accordance with this invention, 
the picker carrying means are mounted at the ends in suchwise 
that the inner end (that is the end at or adjacent the reed) is 
capable of movement in an upward direction, either against 
the action of gravity or of resilient means, said upward movement 
taking place at the time that the shuttle is leaving the shuttle-box, 
and being caused by the pull of the picking strap on the picker. 
The picker is actuated by a tappet thro intermediate 
mechanism of well-known character, and the tappet is such that 
the picker remains or dwells at the reed end of the shuttle-box 
after the delivery of the shuttle until the shuttle is returning 
from the opposite shuttle-box, when it (the picker) is caused to 
move with or in advance of the shuttle as it is boxed. The 
picker-carrying means comprises a pair of horizontal and parallel 
spindles 1 mounted at their ends in plates 2,3. The plate 2 is 
carried by an arm 4 and is adjustable angularly in relation thereto, 
the extent of adjustment being limited by a pin and slot con- 
nection. The plate 3 is mounted on a block 6, and is adjustable 
angularly in relation thereto, the extent of adjustment bein 
limited by a pin and slot connection. 8 is a spindle guard bol 


Ys 
Wis 
AS 


to the back plate 9 of the shuttle-box (or to the sword) and having 
on the side facing the shuttle-box a slot 10 that slopes down- 
wardly and inwardly. The block 6, which is contained within 
the slot 10 and is an easy fit therein, is slotted at 11. 12 is a pin 
that extends across the slot 10 in the spindle guard 8 and comes 
within the slot 11 in the block 6. The block 6 is normally 
supported by the me 12, which also acts as a stop to limit the 
movement of the block 6 in the or orslot 10. The tappet 
which actuates the picking stick, picking strap and picker through 
intermediate mechanism of well-known character, is made so that 
the picker remains or dwells at the reed end of the shuttle-box 
after the delivery of the shuttle and until the return of the 
shuttle, when it is caused by the actuation of the picking stick 
by the "— to move with or in advance of the shuttle, as it is 
boxed. hen the picker is moved towards the reed end of the 
shuttle-box, the pull of the picking strap thereon causes the 
inner end of the picker-carrying means (spindles 1) to move in 
the direction of the slot in the spindle guard 8. During the dwell 
of the picker at the reed end of the shuttle-box, and until the next 
pick, the picker-carrying means resume a horizontal position 
parallel with the flyplate and with the box back. (Sealed.) 


MISCELLANEOUS. 
123,373. J. Stone and Co., Limited, Deptford, and 
T. Drewry, Forest Gate. Expansion Joints. (6 .) 


February 16, 1918.—This invention relates to expansion joints 
of the type in which telescopic sleeves are employed for effecting 
ipe joints, the inner sleeve being taternaly of a gradually 
nereasing diameter towards the end, so that, being relatively 
thin, it may be distended or expanded by the fluid pressure 
and hermetically seal the joint, while nevertheless permitting 
of the telescopic movement due to the e jon or contraction 
of the metal of which the pipes are made. According to this 
invention, and in order to obviate distortion of, or racking strains 








N 
SSsssssssssa 
e222 ried 


023373) 


in the pipes, which may be due to unequal expansion, con- 
traetion and vibration, or to any of these conditions, the inner 
sleeve or spigot a is slightly reduced in external diameter, except 
in the region of the internally tapered end of the spigot or inner 
sleeve, so that. in practice, the only part of the spigot in intimate 
eontact with the outer sleeve bis thatin the region of theinternally 
tapered end of the spigot, and, if de+ired, a short distance beyond 
it. The end of the spigot is, in some cases, materially reduced 
in diameter before being made parabolic or other suitable curve, 
so as to provide the dexired degree of flexibility withcut dele- 
9). affecting the strength of the sleeve. (Accepted, March 5, 





UNIVERSITY OF BristoL.—With the concurrence of the 
Society of Merchant Venturers, the council has appointed 
Major Andrew Robertson, D.Sc., to the vacant Chair 
of Mechanical Engineering. Professor Robertson was 
educated at the University of Manchester; he served 
his engineering apprenticeship in works at Fleetwood ; 
in 1905 he graduated as B.Sc. with first-class honours 
in engineering; in 1909 he was awarded the M.Sc. 
Degree, and in 1915 the D.Sc. Degree. He has done a 
considerable amount of research work, some of which, 
however, has not yet been published, being connected 
with war engineering problems. He was a demonstrator 
in engineering in the University of Manchester and 
resident tutor of Dalton Hall from 1908 to 1912; Vulcan 
Research Fellow 1912-15; lieutenant in the R.N.V.R., 
1915, and for some time has been head of the Mechanical 
Testing Laboratory for the R.A.F. at Farnborough. 
The present occupant of the chair, Professor John 
Munro, has been granted the title of Emeritus Professor 








“0° top the process will be reversed. (Accepted March 19, 





in Mechanical Engineering. 


